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THE HUNTERIAN IDEALS TO-DAY* 
By Sir JAMES WALTON, K.C.V.O., LonDon 


IF you enter the room which we used to know as 
Room III, which was severely injured during the 
war but has now been restored and is the nucleus 
of the rapidly-growing new pathological museum, 
you will see at the end the famous statue of John 
Hunter, by Henry Weekes, R.A., and on the plinth 
is the simple notice: ‘‘ John Hunter, born 14th of 
February, 1728; died 16th of October, 1793’. 

What manner of man was this whose fame has 
continued for 200 years and whose spirit dominates 
the whole formation and development of our College ? 

As a student and as a young surgeon this question 
often presented itself to me, for I knew of no dis- 
covery in science or surgery which was directly 
due to the work of John Hunter, and yet he ranks, 
and always has and will rank, with the great dis- 
coverers in our profession, such as Harvey, Pasteur, 
Lister, Simpson, and, more recently, Banting, 
Fleming, and Florey. 

With an increasing association with the College 
and the Museum, I have gradually acquired know- 
ledge of his work, but it is only since you, sir, and 
the members of the Council did me the very great 
honour of electing me Hunterian Orator that my 
work on the subject has made me realize and appreci- 
ate that Hunter’s work is the whole foundation of 
scientific surgery and of modern surgery as I would 
have it be; and yet I have become apprehensive that 
with the crowding of the medical curriculum and the 
growth of specialism surgery of the future may 
depart from this sound and scientific basis. 

Many of you, unless you have made a special 
study of Hunter’s methods, must have had some 
doubts as to what was the nature of his work and 
why this College should always have laid so much 
stress upon its importance, and should even to-day 
consider his Museum, in spite of the damage it has 
suffered in the war, as the very keystone of our 
existence. 

Much light has been thrown upon the subject 
by the valuable contributions of many recent orators 
—contributions which have been so searching and so 
eloquent that I have had a feeling of great diffidence 
in following them. 

Of these I might especially mention that of Lord 
Moynihan in 1927, who showed under what dis- 
advantages Hunter worked in that he had no micro- 
scope or previous knowledge of chemistry, physics, 


or physiology to help him, and gave a list of 
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Hunter’s researches, each of which was an enormous: 
advance on current knowledge. He pointed out that 
Hunter’s ideals and Lister’s practice were closely 
correlated. 

Wilfred Trotter, in 1932, stressed that all Hunter’s 
work showed great energy and resolution directed 
to a clear and simple idea, which was the grouping 
together of orderly series illustrating the living world 
and the processes of disease. 

Sampson Handley, in 1939, traced how Hunter’s 
mind, in spite of a very superficial education, was 
developed by his association with great men, of whom 
might specially be mentioned his brother William, 
James and John Douglas, and Cheseldon. 

Only last year Professor Grey Turner gave his 
masterly review of Hunter’s life, of the way he built 
up his Museum, and how his work was developed 
and enlarged by the subsequent curators of this 
College until it became an international centre of 
scientific knowledge. He then described the war 
injuries and the plans for the future development 
of the Museum. This oration has been published 
in pamphlet form and should be in the hands of all 
members and fellows of this College. 

Perhaps, however, the most fascinating and inter- 
esting account of his work and life is the “‘ Life of 
John Hunter ”, by Drewry Ottley, forming an intro- 
duction to the edition of The Works of John Hunter, 
published in 1835. This college is fortunate in 
having a copy of this work, which was presented by 
Mr. C. B. Lockwood in 1910. The value of it has 
been greatly enhanced by the inclusion of accounts 
from the Press of the search for the coffin of John 
Hunter in the vaults of St. Martin’s Inn Fields by Mr. 
Frank Buckland, M.A., Assistant Surgeon to the 2nd 
Life Guards; of its transfer to and reinterment in 
Westminster Abbey in 1859; of the erection and 
unveiling of the statue in this College in 1860; of the 
address given by the then President of the College, 
John Henry Green ; and, at the end of the volume, 
a Press account of the history of his house at Earl’s 
Court just before its destruction in 1880. By the 
courtesy of Mr. Le Fanu I have had the opportunity 
to peruse this copy and to display it to-day. 

Great, however, as has been the interest of 
reading these accounts, it is only by the close study 
of Hunter’s specimens and the arrangement of his 
series that one is able to obtain an appreciation of the 
importance and value of his work. 

In discussing this aspect one is much tempted to 
deal with some of the fascinating details of Hunter’s 
life, of his early lack of education, of his journey to 
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London to join his brother William, of his early hard 
life, of his rapid progress to fame and fortune, of his 
enormous industry, so that he rarely slept for more 
than four or five hours in the twenty-four, and 
of the dominant and permanent ideal which led 
him on and from the pursuit of which he never 
lapsed ; but all these points have been so entranc- 
ingly presented by previous orators that no purpose 
would be served, and it is rather my aim to show 
what were his ideals and how they still form the 
basis of, and persist into, modern surgery. There 
are, however, two points of considerable interest: 
the first is the ambiguity as to the date of his 
birth. It was always regarded as Feb. 14, the 
oration and the festival are always held on this 
date, and it is the one inscribed on his statue; yet 
the date on his coffin was Feb. 13, and this is con- 
firmed in the copy, sent by the registrar, from the 
register book for the Parish of East Kilbridie, when 
his body was reinterred in Westminster Abbey. 

The second is that in spite of Hunter’s great 
energy, fame, and income, he died in poverty, having 
spent some £70,000 on his Museum, and his wife 
lived in penury until his Museum was purchased by 
the Government in 1799, six years after his death. 
It is also sad to think that he who realized so 
fully the importance of heredity had no offspring to 
whom he could transmit his great gifts. One won- 
ders whether he had ever had the solace of reading 
Al Koran, of Mohammed, where is it not said: 
** Wealth and children are the ornaments of this life, 
but good deeds which are permanent are better ”’. 

What, then, were the ideals of Hunter, and for 
what was his work planned. The first point to 
realize is that his Museum, unlike so many others, 
was not simply a collection of interesting curios for 
their own sakes. Those of you who have read 
Evelyn’s diary—and probably most of the Fellows of 
this College have, for there he describes how in 
Padua, in 1646, he purchased from Dr. Leoncenas 
those rare tablets of the veins and nerves and caused 
him to prepare others, which he sent to England and 
afterwards presented to the Royal Society, and there 
they hang to-day on the wall of our Museum—those, 
I say, who have read his diary will remember his 
descriptions of the wonderful museums he visited 
in Italy, but not one of them has persisted as a living 
principle or has influenced the growth of any pro- 
fession. They were but a collection of rare and 
valuable curios. In Hunter’s collection each speci- 
men or series of specimens was an illustration of an 
important fact or principle and of a great underlying 
truth ; such a truth might be shown by one specimen, 
but frequently there was a whole series showing all 
the changes in some function or disease. The 
important fact was the principle, and the specimens 
were mere illustrations or proofs, and thus for the 
first time in history surgery was put on a sound 
scientific basis. He realized so vividly that the mere 
accumulation of facts was in itself of but little value, 
as he says :— 


Philosophers reason from principles and _ thus 
account for facts before they arise: too much attention 
cannot be paid to facts; yet too many facts crowd the 
memory without advantage any further than that they 
lead us to establish principles. By acquaintance with 
principles we learn the causes of disease. 
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How valuable would it be if these words were taken 
more to heart by every young surgeon to-day. There 
is a growing tendency for an article to be written as a 
review of a large number of cases of a given disease. 
There follows a dreary statistical review of so many 
cases at every age, so many in males and so many in 
females, so many with certain symptoms and so 
many without. Only by the closest concentration 
can one’s attention be fixed to the end, and many 
content themselves with reading the final summary. 
When completed, little or nothing has been contri- 
buted to the sum of human knowledge. Many facts, 
but no principles, have been established. 

Drewry Ottley explains most succinctly what 
were the Hunterian ideals. He states that :— 


. . . the design of Hunter was to furnish an ample 
illustration of the phenomena of life exhibited throughout 
the vast chain of organized beings by a display of the 
various structures in which the functions of life are carried 
on. His collection, therefore, at its commencement was 
strictly physiological in its character, and though in course 
of time various other departments were added to the 
original one, they were all, in a manner, subservient to 
the primary design. 


It is specially to be noted that he did not confine 
his attentions to the human race, but to all organized 
beings. Ottley classifies Hunter’s investigations into 
the phenomena of life on the arrangement and 
catalogue of specimens drawn up by Mr. William 
Clift, Hunter’s assistant, his son, Mr. Home Clift, 
amd Mr. Richard Owen between the years 1830-9. 
As is well known, this arrangement and cataloguing 
was an immense labour owing to the fact that 
Hunter’s son-in-law, Sir Everard Home, with 
criminal folly or intent, burnt the valuable and enor- 
mous number of books of Hunter’s own descriptive 
notes of the specimens. 

This original arrangement, or catalogue, was 
divided into seven headings, but many of these 
to-day are only subheadings. With growth and 
development the work falls naturally into three parts, 
each of which to-day, owing to the munificence of 
Sir William Collins, is a separate department con- 
trolled by its own professor, but the three depart- 
ments are closely linked. They are: (1) Compara- 
tive Anatomy; (2) Experimental Surgery; (3) 
Pathology. 


1. COMPARATIVE ANATOMY 


In Hunter’s original collection, as well as with 
the additions in the 1839 catalogue, this section 
contained by far the largest number of specimens— 
as far as I can estimate, about 753. It was established 
to show the function of life both in general and in the 
various systems. To-day such is described as 
comparative anatomy, but in Hunter’s time it was 
perhaps more correctly described as physiological, 
for it was by the study of such differences in the 
anatomical structure that Hunter, having at his 
disposal none of the instruments, methods, or know- 
ledge required in a modern physiological laboratory, 
was able to determine the function of an organ. As 
a few examples of such physiological conclusions 
were his views on the functions of the kidneys and 
the semicircular canals, on the air cells in the bones 
of birds, on the recognition that any stimulus of a 
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special nerve gives rise to the same impression, that 
heat is generated by living tissues, and on the 
immunity of the stomach to digestion and the egg to 
decomposition while alive. 

When it is realized that up to Hunter’s time there 
had been no such correlated study and that previous 
knowledge had been largely empiric, the enormous 
scope of his work will be appreciated. As Richard 
Owen points out in his introduction to the fourth 
volume of Hunter’s work, this study led to great 
strides in the classification of the animal kingdom, 
which in some respects was more advanced than the 
work of Cuvier and in others rose far above that of 
Linneus. 

The mere numbers of specimens gives but little 
idea of his work, but to go round this section even 
to-day, after the destruction, and to see the vast 
number of specimens just as Hunter prepared them, 
with their fresh vivid colours, and so carefully 
arranged by Professor Wood Jones, is to realize, 
and to be staggered at, the enormous amount of work 
that Hunter undertook. It seems impossible to 
believe that any one man in a single lifetime could 
possibly collect so many specimens and, however hard 
he worked, could ever find time to dissect and mount 
so large a mass of material. 

To us surgeons, however, the dominant feeling 
that is left after a study of this section is the essential 
importance of such an approach to surgery. As 
Ottley pointed out, Hunter was another of the 
examples provided by Cheselden, Haller, Albinus, 
Baillie, Abernethy, and others, that the surest 
foundation for future professional eminence is an 
early and extensive knowledge of anatomy. This 
is as true to-day as when Ottley wrote it over 100 
years ago. Every medical man realizes that the whole 
problems of life are within the ambit of his study. 
An investigation of the comparative anatomy of any 
one organ will do more to explain its function than 
any other method of approach. In pure anatomy 
this is well recognized to-day. The fascinating and 
enthralling works of Professor Wood Jones, who was 
always an ardent follower of Hunter, have shown 
that an understanding of the functions of anatomical 
structures rather than a meticulous study of minutie 
makes anatomy a living subject which is the only 
foundation of modern surgery. 

The value of comparative anatomy in the study of 
surgery perhaps appeals to me more than to many, 
for in my earlier years I devoted a considerable time 
to its study, but I have always felt that the time so 
spent has been of enormous value to me in later life, 
and it is on this branch of medical training that I 
am particularly apprehensive that a reduction may 
be made owing to crowding of the medical curriculum. 
My library, I fear, is but small, but I shall always 
consider it to be of considerable surgical value, for it 
includes Owen’s Anatomy of the Vertebrates, Balfour’s 
Comparative Embryology, works of Sir Arthur Keith 
and Professor Wood Jones, Holden’s Osteology, 
The Works of John Hunter, Winwood Reade’s 
Martyrdom of Man, and most of the works of Sir 
John Bland-Sutton, including, owing to the courtesy 
and kindness of our President, his Tumours, Innocent 
It is of interest to note that the 
majority of these authors, with the notable exception 
of Balfour and Winwood Reade, who both died so 
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early in life that it seems impossible that they could 
have acquired such a mass of knowledge, worked in 
this Museum. It is hardly necessary to point out that 
many of the more valuable and recent contributions 
on surgery have made use of the comparative anatom- 
ical approach. I need only mention the monographs 
of Sir Gordon Gordon-Taylor, and, of the very recent 
additions, I would advise every young surgeon to 
read and to take as his literary model the fascinating 
article on the thymus by Mr. Geoffrey Keynes. 

The discoveries and advances in surgery which 
Hunter made by the use of anatomy and comparative 
anatomy alone were numerous. By it he proved the 
descent of the testicle and the cause of congenital 
hernia. His chapter on the function of the vesicule 
seminales in Vol. IV is a masterly piece of research 
in which he showed beyond all question that they 
were not mere receptacles but secreting glands. Yet 
although this is accepted by comparative anatomists, 
the contrary was still taught to students up to a few 
years ago. His work on monsters, and especially 
the specimens showing doubling of parts, threw an 
entirely new view on the subject and in large part 
anticipated the work of Loeb. The present enlarged 
section must form the basis of study for everyone 
interested in the subject of teratology. 

The specimens illustrating the principles of 
reproduction numbered some 1500 and to-day form 
an essential basis and introduction to the study of 
gynzecology and obstetrics, an additional argument 
for the closer union of this College with our younger 
sister College. 

There are so many wonderful series that they 
would take hours to demonstrate, but I have picked 
out a small one on the anatomy of the lower bile- 
ducts which is easily shown and was utilized by 
Sir Gordon Gordon-Taylor in his work on the 
subject. 

There is no doubt that unaided as he was by the 
microscope or a knowledge of biochemistry or 
bacteriology, Hunter did make some errors in his 
deductions of function. ‘To me, as a gastric surgeon, 
the most interesting is his view that the stomach was 
the most important of all the viscera. His collection 
showing every variety and shape of this organ 
throughout the animal kingdom seemed to justify 
this view, for he pointed out that many of the lower 
animals consist of nothing much more than a stomach 
and reproductive organs. How enormously inter- 
ested he would have been to see the large numbers 
of patients living well and happily after a total or 
partial .gastrectomy. 

The remarkable fact, however, is that his errors 
were so few. He established for all time the princi- 
ple that the only way to understand the phenomena 
of life was to study the function of living animals, 
and the only way to study the function was to compare 
the anatomical characters of a wide series. If he 
made a few small errors in the interpretation of his 
findings it was but of small moment. 

This basic principle has been universally accepted 
and is a just cause of acknowledging the greatness of 
Hunter, but he recognized himself that his work was 
only just begun. It was necessary that continual 
additions be made to his series, for the animal king- 
dom is so vast. It is a very great satisfaction to 
know that in this College his work has continued 
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with unabated zeal. William Clift, Richard Owen, 
Sir Arthur Keith, and to-day Professor Wood Jones 
have all been ardent followers of Hunter, and it is 
especially in their hands that the Museum has 
grown and developed. 

The series I have already mentioned have 
developed considerably since Hunter’s day. As 
other examples of more recent growth I may mention 
the specimens showing the presence of extra digits 
and the evolution of the hoof in the modern horse. 
Perhaps, however, the most notable is the section on 
the teeth. In the loyal and willing hands of Sir 
Frank Colyer this has become probably the most 
complete and famous series in the world, and it is 
impossible to see how any scientifically-trained 
dentist could progress without a study of its contents. 

With the growth of the Museum it had become 
before the war the Mecca of all surgeons. Grievous 
was the damage it suffered, but the destruction may 
not be wholly a loss. It had been realized that some 
specimens had lost their value owing to the destruc- 
tion of Hunter’s manuscripts ; that some specimens 
had degenerated and some sections had become over- 
loaded; this latter was especially to be noted in the 
osteological series, where a great number of skulls 
and articulated skeletons of the larger mammals had 
accumulated, many of them having been purchased 
from Brook’s Museum. These served but little 
purpose in illustrating Hunter’s principles, and the 
more proper place for them was the Natural History 
Museum. Now that they have been destroyed they 
will not be restored, so that although the skeletons 
of the giant O’Brien and the dwarf Mdlle Crachani 
have been retained and still interest the curiosity of 
the lay visitors, the others will only be stored in the 
research department and will not be mounted and 
displayed. The principles and the ideals still 
remain. The tree is alive and flourishing and the 
pruning will lead to better and more profitable 
growth. There are sufficient Hunterian specimens 
to form a nucleus, and I feel that all will agree with 
the Council’s decision not to separate these specimens 
as an historical group but to have them as a living 
centre of growth in each section. 


2. EXPERIMENTAL SURGERY 


When Hunter was unable to produce sufficient 
evidence from pathological or anatomical specimens 
to solve the problems which were exercising his mind 
he resorted to experiments, a large number of which 
he performed. In this perhaps he made the greatest 
advance upon the custom of his time and did more 
to establish a scientific basis for surgery than had 
ever been done before. The greater number of his 
experiments are described in Vol. IV of his ‘‘ Works ”’, 
devoted to the animal economy. Some of them 
have remained and ever will remain famous—the 
wonderful series showing necrosis of bone experi- 
mentally produced in the metacarpal bones of the ass, 
in which the destruction of bone, the gradual separa- 
tion of the sequestrum, and its retention by the 
involucrum tells the whole tale of necrosis of bone. 
Experiments on the growth of bone by the insertion 
of shot and the injection of madder settled for all time 
the discussion of the manner in which bones grew. 
The transplantation of a cock’s spur into its comb 
with successful and, indeed, excessive growth, and 
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the transplantation of teeth not only showed that 
such transplantation was possible, but gave evidence 
that even so long ago Hunter had grasped the fact 
that heteroplastic grafts are never succesful, that it is 
still doubtful if homoplastic grafts ever are, but 
that autoplastic tissue can be readily grafted, which 
knowledge has beeen an untold blessing in the skilled 
hands of Sir Harold Gillies and his co-workers in the 
two world wars. 

Nor were his experiments confined to the verte- 
brates. In 1787 he succeeded in producing pearls 
by introducing extraneous bodies under the mantle. 
The only reference I can find to this work is a letter 
to his friend Sir Joseph Banks in which he states 
that he had been fishing for these pearls in his pond 
at Earl’s Court and hoped to produce them as big 
as his thumb. It is clear from this that they were 
not the oriental pearls of the aviculide, but those of 
the fresh water unio such as the ancient British 
used to export to Imperial Rome. Professor Wood 
Jones tells me that these specimens were in existence 
before the war, but were destroyed by the bomb. 
I have, however, exhibited a series of the different 
varieties of pearls, grouped, I hope, in the true 
Hunterian method, to show the type he produced. 
It is of interest to note that apart from the more or 
less mythical work of the Chinese in the twelfth 
century and the doubtful and secret work of Linnzus, 
Hunter was probably the first man ever to cultivate 
pearls and antedated the present commercial methods 
of Mikimoto by some 150 years. 

As is a fact to-day, experimental results in 
Hunter’s time were difficult to interpret, and the 
wide use of tooth transplantation following Hunter’s 
teaching was soon found to be unsatisfactory for, not 
only were the teeth homoplastic, but disease might 
be carried. The most unfortunate error in his 
conclusions followed the experiment in which he 
inoculated his own subcutaneous tissue with the pus 
of gonorrhoea and overlooking the fact that his 
patient also had syphilis, produced syphilis in himself 
and therefore taught that it was only a systemic 
infection of gonorrhoea, the two diseases being one 
and the same. 

It is perhaps Hunter’s experimental work which 
has made the greatest progress under the aegis of 
this College. The experimental farm under the 
control of Sir Arthur Keith, and established by the 
munificence of the late Sir Buxton Brown, and the 
fine laboratories on the fifth floor, under Professor 
Beattie, give very large, and will give even larger, 
facilities to all research workers. 


3. PATHOLOGY 


The pathological section was established on the 
same principles, to include examples of disease and 
every variety of any one disease. The facts were 
well defined, but, as with his experimental work, 
the explanations had to be theoretical. With his lack 
of microscopical and bacteriological knowledge his 
views, to-day, on inflammation and its spread by 
sympathy seem wide of the mark, but his description 
of its stages into primary union, adhesive inflamma- 
tion, suppuration, granulation, and cicatrization 
contains much of what is known to-day. His series 
of specimens showing adhesive inflammation of the 
pleura are of remarkable beauty and value, as were 
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his injections of the vessels of the intestine in cases 
of peritonitis. On this subject of inflammation he 
has a remarkable statement antedating our knowledge 
of cancer and its spread. He says :— 


. the extravasated matter is always of the same 
nature with that of the parts which produced it, which is 
a curious fact. If the disposition of the part is cancerous 
the extravasated coagulable lymph is a poison, for on 
being absorbed it contaminates the absorbent glands 
producing cancer. 


In his theories, also, he showed a remarkable know- 
ledge of immunity years ahead of his time, for 
although he held the current belief that infectious 
diseases were due to effluvia, yet he says :— 


Next to never coming within the influence of such 
effluvia at all, it is safest to be surrounded by them in 
large cities, where, either from the habit of being exposed 
to their action, or from one effuvium destroying another, 
the effects are prevented from taking place to the extent 
that might be expected. 


and elsewhere, when speaking of acute infections, 
he says :— 


Another circumstance ... hindering the disease 
from spreading over the whole body is that the constitu- 
sion itself alters or loses that peculiar susceptibility before 
such an event takes place. 


He also gives an account of fatal air embolism 
with which he was quite conversant. 

In this section also the principles which he estab- 
lished were maintained and developed by the late 
Professor Shattock. As small examples of the 
enormous amount of material in this section are the 
series showing separation of the sequestrum in an 
infected amputation stump and another small 
selected series from the very big group, Hunterian 
and non-Hunterian, showing the changes in acute 
osteomyelitis. ‘The complete series will give any 
student a wide knowledge of the subject. I have 
exhibited these series, for although Hunter knew all 
that is to be known of the separation of such sequestra, 
the absence of knowledge of the microscope led to 
him having a curious theory as to how it was brought 
about. Dismissing the popular view that it was 
due to the absorbents (lymphatics) secreting a 
solvent, he believed that it was due to the action of 
the mouths of the absorbents which might vary as 
much as the mouths of different animals. 

To-day the development of the MHunterian 
principles is being most energetically carried out 
by Professor Willis and Dr. Proger, so that the plans 
so carefully thought out by the Museum Committee 
under the wise chairmanship of Professor Grey 
Turner are already rapidly leading to the formation 
of what will soon be the most valuable pathological 
museum in the world. 

The work of reconstruction has been enormously 
aided by the most generous contributions from 
private individuals, institutes, and hospitals through- 
out the world. 

I firmly believe that, although enormous strides 
have been made in the growth of knowledge of 
microscopical investigations, the macroscopical study 
as used by Hunter is still the basis of surgical research. 
It is the appearance of one or a series of specimens 
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which makes a man say ‘I wonder why’, and so 
initiates a train of investigation. 

The whole of Hunter’s surgical work, including 
his operation of ligature for popliteal aneurysm, his 
removal of loose bodies from joints, his treatment of 
hydrocele, and his use of a dried eel skin to form an 
cesophageal tube to feed a man with pharyngeal 
paralysis, was based on his anatomical, experimental, 
and pathological knowledge, and he even went so 
far as to advise the removal of ovarian cysts, for as 
he said :— 


There is no reason why a woman should not bear 
spaying as well as other animals. 


but at the same time he realized the limitations of 
surgery. He states :— 


We should always make a material distinction 
between an operation which is to cure a patient of a 
disease which will probably kill of itself without an 
operation and an operation performed to cure an incon- 
venience only and where the danger is not in the disease 
but in the method of cure. 


and elsewhere :— 


The last part of surgery, namely, operations, is a 
reflection on the healing art. It is a tacit acknowledge- 
ment of the insufficiency of surgery. 


In modern times successful operations are based 
on the same scientific principles; one need only 
mention as developing on these lines resections of the 
stomach, colon, oesophagus, and lung, and the study 
of the treatment of thyroid and parathyroid disease. 

It was and it is the principles and the ideals of 
Hunter which have made manifest his greatness. 
His specimens were only the illustrations of these 
principles, and even if they had all been destroyed 
the loss would only have been temporary, for this 
College, which is the titular head, the Alma Mater 
for all surgeons, has as its aim and its endeavour, 
nay, as its determination, to make it the living centre 
of knowledge of surgery so that it may be a worthy 
home for Hunter’s ideas and ideals—to demonstrate 
the whole changes of life itself, life in development 
and life in the adult, life in animals and life in man, 
life in health and life in disease, and to demonstrate 
that his principles are still alive and progressing 
and, as I maintain, are to-day the basis of all 
surgery just as they were in Hunter’s time. 

So I come round again full circle to my opening 
sentence. If you enter Room III you will see at 
the end of it the famous statue of John Hunter, on 
the plinth of which is inscribed: ‘“‘ John Hunter, 
Born 14th of February, 1728; died ...” Died? 
But John Hunter is not dead. He sat there for 
eighty years before the war, perhaps feeling some 
disapproval at the overgrowth of some sections 
of the Museum. During the war he still sat there 
in the shelter we built for him and watched his 
museum and his beloved specimens come tumbling 
about his ears. When the war was over we removed 
the shelter and he was still sitting there untouched 
and unharmed. There he sits to-day, and as he 
watches the rapid restoration and development of the 
illustrations of his principles in the skilled and 
energetic hands of Professor Wood Jones, Professor 
Willis, Dr. Proger, and their assistants, I am certain 
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that his spirit rejoices and is happy, for in the words 
of the famous Indian poet :— 


Never the spirit was born: the spirit shall cease 
to be never: 
Never the time it was not: end and beginning 
are dreams. 
Birthless and changeless and deathless the spirit 
abideth for ever ; 
Death cannot touch it at all, dead though the 
house of it seems. 
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ON 


Tuis is no novel subject : Nash and Leddy (1943), of 
the Radiology Department of the Mayo Clinic, 
estimated that 215 papers on tumours of the testicle 
were published between the years 1934 and 1937, 
inclusive, while the Quarterly Cumulative Index 
Medicus contains the record of no less than 351 
additional communications on the same _ subject 
between 1938 and 1945. Some justification is seem- 
ingly demanded from those who would further 
burden the literature and exasperate the war-weary 
reader with another essay on a threadworn theme. 
The present communication is based on the largest 
number of testicular neoplasms yet presented by 
British Empire workers and purports to furnish 
some prognostic index for cases of testicular tumour 
treated by simple orchidectomy and present-day 
methods of radiotherapy. The older writer 
(G. G.-T.) has published several communications 
on the subject heretofore ; his Australian colleague 
(N. W.) contributes his experience of a series of 
cases in New South Wales and in sundry valuable 
ways has taken an important share in the preparation 
of this paper. The cases which form the basis of 
this communication are a hitherto unpublished 
group numbering over 700 patients, of whom 636 
have been utilized statistically for any conclusions 
forthcoming in these pages. With the exception of 
the Australian series, the material has come from 
London and the south-east of England. The 
‘ follow-up’ records of the hospitals of this part of 
Britain, so grievously exposed to the ravages of 
enemy aircraft and to V-1 and V-2 bombs, evoke 
the warmest admiration for those men and women 
whose loyal sense of duty ensured that the story of 


* Based on the Skinner Lecture delivered before the 
Faculty of Radiologists within the precincts of the Royal 
College of Surgeons of England, Nov. 15, 1946. 
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the cancer patient and his treatment was not sub- 
merged by the gross disorderings of war. Almost 
every hospital in the metropolis was damaged ; 
some were nearly totally destroyed, notes and 





sarcoma. Specimen 


1.— Secondary melanotic 
No. 2797 P in the St. Bartholomew’s Hospital Museum. A 
nodule of deeply pigmented growth occupies the whole of the 


Fic. 


body of the testicle. The primary growth was in the skin. 


clinical papers perished, yet the amazing proportion 
of cases with up-to-date records of value to this 
investigation reflects the highest credit on all who 
were charged in any capacity with the care of cancer 
victims during the recent armageddon. 

We are only concerned in this communication 
with primary malignant neoplasms of the testicle, and 
we have no personal statistics to offer regarding the 
relative frequency of hospital admissions for this 
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malady. However, tumours of the testis have been 
stated by Dean to constitute 2:09 per cent of all 
malignant tumours of males. It is manifestly 
impossible for reasons of space to deal comprehen- 
sively with the whole subject of malignant disease of 





Fic. 2.—A multiple cystic teratoma. One-half of a testi- 
cular growth. A strip of flattened but otherwise normal 
testicular tissue is seen on the left. Many cysts are present in 
the growth and one shows a solid ingrowth. The cord is 
normal. 


the testis. The relationship of testicular malignancy 
to injury has not been considered here; hormonal 
tests are not discussed, although these had been 
fully utilized in the Australian series of patients. 
Malignant disease of the retained 
testicle has also been somewhat 
cursorily considered, but the per- 
centage of neoplasms that involve 
the ectopic organ in the present 
series approximates more closely to 
the figures of other writers and falls 
far short of the astronomic percent- 
age of one of the authors (G. G.-T.), 
which was based on a total of 50 
personal cases. For information on 
these subjects the reader is referred 
to his previous communications, 
especially in the British Fournal of 
Urology, 1938, and to his article 
in Winsbury-White’s Genito-urinary 
Surgery (now in the press). 

The experience of one of us 
(N. W.) in relation to the incidence 
of malignant disease in the Australian 
Army is not without interest: the 
most frequent form encountered in 
that Service was cutaneous cancer, 
including melanoma; tumours of the 
testicle and brain shared second priority, while 
carcinoma of the alimentary canal and lympho- 
sarcoma were placed fourth and fifth in frequency. 

Secondary malignant tumours of the testis are rare ; 
less than 50 cases have been reported according to 
Helfert and Pinck (1944), who themselves relate 
and depict an example which was secondary to a 





carcinoma of the prostate. Where the testicle is the 
seat of a secondary tumour, the cells can reach the 
organ by one of three routes : (1) Retrograde venous 
extension or embolism, if the primary neoplasm is 
in the kidney ; (2) Retrograde lymphatic extension, 
when the primary growth is in the stomach, small 
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Fic. 3.—A single cystic teratoma. Specimen No. 1233-1 
in the Royal College of Surgeons’ Museum. The solid intra- 
cystic growth carries a tooth, and also shows skin and hairs. 


intestine, or pancreas, and there has been lymphatic 
spread to retroperitoneal nodes; (3) The most 
frequent route is, of course, arterial, when other 
organs, etc., are involved as well. 

Fig. 1, illustrating a secondary melanoma 
implicating the testis, has been kindly lent us by 





Fic. 4.—Seminoma: anterior inverted loop of testis. 
(Mr. 7. D. Fergusson’s case.) 


R. Handfield-Jones, M.C., F.R.C.S., and is drawn 
from a specimen in the Museum of St. Bartholomew’s 
Hospital. 

Metastatic carcinoma of the epididymis is still more 
exceptional, only 3 cases having been reported 
(Derman, 1927; Henke and Lubarsch, 1925; and 
Perry Katzen, 1941). The primary site in these 





8 THE BRITISH 


cases is usually the kidney. The testicle may also 
be infiltrated by direct extension from a carcinoma 
of the penis or scrotum; the prognosis in such cases, 
if dealt with radically by the Thiersch-Gould tech- 
nique, with the extirpation of both testes, has some- 
times been favourable. A case of this kind treated 





Fic. 5.—Embryonic epithelial tissue (open reticular type) 
often present in malignant testicular teratomas. 





Fic. 7.—Specimen No. 559 B in the Westminster Hospital 
Museum. Liver, showing multiple metastases from chorionic 
carcinoma of the testicle. 


by G. F. Stebbing has remained free from recurrence 
for fifteen years, while a specimen in the Museum of 
the Westminster Hospital came from a man who 
has survived his operation for a lengthy period. 


PRIMARY MALIGNANT DISEASE 
OF THE TESTICLE 


Once again we have timidly avoided embroilment 
in the confusion of nomenclature which designates 
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the numerous histological varieties and sub-varieties 
of testicular neoplasm, and: which appears to differ 
in sundry countries and in the writings of diverse 
authors; and in an endeavour to simplify the 
outlook of surgeon and radiotherapist towards 
the problem we have contented ourselves with 





Fic. 6.—Seminoma testis. 


distinguishing two main groups, the teratoma 
(Fig. 2)* and seminoma (Fig. 4), the more charac- 
teristic examples of each being readily recognizable 





This looks more like 


Fic. 8.—A spindle-celled sarcoma. 
a fibroma than anything else with its whorled appearance. A 


small hydrocele was present. The cord was unaffected. 


on naked-eye inspection alone, although, of course, 
the microscope remains the final court of appeal 
(Figs. 5, 6). 

As regards the relative frequency of the two 
varieties of neoplasm, Cabot and Berkson (1939) 
and also Grevillius found that 59-2 per cent of all 
testicular tumours were seminomata. Geist and 
Thalimer (1917) found that 61°5 per cent were 
seminomata; Hinman (1938) and also Sakaguchi 
(1913) reported 65 per cent; Blefari-Melazzi (1935) 





* The adult teratoma, depicted in Fig. 3, scarcely 
comes under consideration in this communication. 
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made the percentage no less than 70. Our own 
estimate approximates that of the last-mentioned 
author: thus of 688 cases where an accurate histo- 
logical diagnosis was forthcoming ot could be 
adumbrated, 461 were seminomata and 227 were 
regarded as teratomata—i.e., 67 per cent of our series 
were seminomata. 

Chorioncarcinoma (Fig. 7) accounted for little 
more than 1 per cent of the cases and the rapidity 
with which a fatal issue resulted did not differ from 
the experience of others; sarcoma was very rare 
(Fig. 8). The designation seminoma (séminome of 
Chevassu, 1906), is to-day finding increased recog- 
nition; the term is more convenient than embryonal 
carcinoma (Ewing), adenocarcinoma Grade 
(Broders), or round-celled sarcoma (McDonald). 
Seminoma is a more facile designation and outrages 
philological sensibilities less rudely than the appalling 
hybrid dysgerminoma (Meyer and others) which was 
first sponsored by the Hun. The spermatocytoma 
of Gordon Bell (1925) is certainly less open to the 
criticism of lingual purists, but the name has never 
captured the fancy of surgeons or pathologists. 

It is perhaps audacious for mere surgeons to 
express views on the histogenesis of seminoma, but 
all are cognizant of the rival views (a) that seminoma 
is carcinoma of the seminal epithelium (Chevassu, 
Gordon Bell, etc.) ; (6) that seminoma is embryonal 
cancer arising in a teratoma (Ewing and most Ameri- 
can authors). This latter view was based on the 
discovery of seminoma or seminoma-like tissue in 
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FIG. 9. —Embryonic epithelial tissue (compressed type, readily 
mistaken for ‘ seminoma’ on superficial examination). 





some malignant teratomata of the testis and on the 
occasional coexistence of seminoma and teratoma 
in the same testis. Professor Rupert Willis, who 
holds the definite opinion that seminoma is seminal 
carcinoma and unrelated histogenetically to teratoma, 
has kindly permitted the authors to reproduce on 
this page his own criticism of the Ewing hypothesis :— 

1. Transitions from seminal tubules to tumour can 
often be traced, and the appearances cannot be explained 
by secondary invasion of tubules. 

Particularly clear and convincing examples of the 
progressive genesis of early seminoma from the 
seminal tubules are found in the common semino- 
mata of dogs, of which excellent illustrations may be 





studied in the papers of McDonald et al. (1938) and 
Schlotthauer et al. (1938). 

2. Serial sections of seminomata, even small ones, 
show no teratomatous elements. Willis has examined 
20 specimens of seminoma in complete serial slabs 
(including one specimen 8 mm. in diameter which 
was examined in serial micro-sections) without find- 
ing any teratomatous elements. 

Leroux and Hufnagel’s (1927) case has often 
been quoted as showing teratomatous elements in a 





Fic. 10.—Vertical section of a testis containing a seminoma 
(S) and a teratoma (T), proved by serial slab study to be separ- 
ate. (Dotted line shows position of a fibrous partition.) 


seminoma, but Leroux and Hufnagel themselves 
correctly regarded the cartilage nodules in the 
specimen as due to simple metaplasia in the connec- 
tive tissue of the diseased testis. 

3. Undifferentiated embryonic epithelial tissue is a 
frequent component of malignant teratomata. 

When existing in compressed form (Fig. 9), 
this has often been misidentified as seminoma, but 
it can and should be distinguished from the latter. 
Thus certain microphotographs, e.g., Figs. 4-7 in 
Lorant Sas’s (1930) paper, Figs. 1-5 in Mackenzie 
and Ratner’s (1933) contribution, and Fig. 6 in 
Ferguson’s (1933) communication, indicate not 
seminoma (‘ embryonic carcinoma’) as they purport 
to represent, but teratomatous embryonic epithelium. 

4. When genuine seminoma and teratoma coexist 
in one testicle there is often distinct separation of the 
two growths by testicular tissue or a fibrous capsule. 
This separation is readily discernible in the illustra- 
tions contained in the papers of Lecéne (1909), 
Menetrier (1922), Hartmann et al. (1922), Roussy 
and Huguenin (1924), McClure et al. (1932), and 
McDonald and Broders (1941). Even Ewing’s 
well-known case on which he based his hypothesis 
showed “rather distinct”? separation of the two 
types of neoplasm. 

Willis has examined in serial slabs five specimens 
of combined seminoma and teratoma; one of these 
contained a seminoma in the testis and a teratoma 
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in the epididymis. Fig. 10, kindly lent us by Pro- 
fessor Willis, shows the seminoma clearly separate 
from the teratoma. It is obvious that as two intra- 
testicular tumours enlarge they may infiltrate each 
other, and then there may be no definite evidence 
of original relationships. 

From the not infrequent coexistence of seminoma 
and a teratoma, it seems evident that the teratomatous 
testis is predisposed to later development of seminoma. 

Age.—Testicular tumours may be encountered 
at any age; one of the authors (G. G.-T.) met with 
a teratoma of an undescended testis in an infant of 
only 5 months, who died quickly of widespread 
metastases. The Museum of the Royal College of 
Surgeons of England before the catastrophe of 1941 
contained a malignant testicle from a child 7 months 
of age. Mr. E. S. Earle, in the middle of the 
nineteenth century, removed a testicular tumour 
from a child of a year, and Sir William Blizard 
one, from a boy of 23 years. 

A boy of I year and 7 months with a malignant 
teratoma operated on by one of the authors (G. G.-T.) 
and illustrated in another communication is alive 
and well twenty years after removal of the organ 
and appropriate radiation therapy. A man of 
80 years in the present series had a seminoma, but 
did not long survive removal. The average age for 
a teratoma in the present considerable series is 
29 years and for a seminoma 39 years—figures which 
correspond closely with those of Chevassu (1906) 
and of Gordon-Taylor and Till (1938), which were 
28 and 4o years for teratoma and seminoma respec- 
tively. 

Familial Incidence.—R. W. Raven has de- 
scribed the existence of testicular tumours in two 
brothers ; Domrich a carcinoma of an undescended 
testis in two brothers. Champlin even describes the 
occurrence of a right testicular neoplasm in twins, of 
whom one died at the age of 24, a very advanced 
and neglected condition of the tumours being present 
when first he came under surgical observation: the 
second twin developed a right-sided seminoma at 
the age of 31. 

Vigilant watch is being kept on two twins in the 
Middlesex Hospital series: each had an undes- 
cended testis ; each had a successful orchidopexy ; 
each was accepted for the Army and each was 
captured at Dunkirk. During his period of incar- 
ceration one developed a malignant growth in the 
testicle which had been surgically brought down to 
the scrotum; castration was followed by a recur- 
rence in the abdomen which received radiation 
therapy after he iad been repatriated. The man 
is to-day well three years after his orchidectomy ; 
so is the twin brother at this moment. 

Polyorchidism and Testicular Tumour.— 
Many have arrogantly claimed in conversation or 
by display in boudoir or bar-parlour the possession 
of more than man’s allotted testicular quota, but the 
qualifications for admission to this corps d’élite are 
subject to cold, critical clinical scrutiny, verification 
in operating rooms, and confirmation by dispassion- 
ate histologists, and few emerge from the stern 
inquiry’ with the rank of ‘supermen’. R. H. 
Boggon (1933), among English writers, and more 
recently R. S. Handley and T. Crawford (1944) by 
their labours have added not only to our anatomical 
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knowledge of the subject, but also to the number of 
the elect. It is not without interest that the patriarch 
of 125 years with an enviable sexual reputation is 
to-day deposed from the polyorchid hierarchy, and 
that the first case which completely satisfies criticism 
chances to have been operated on in 1895 by that 
great Englishman, Sir W. Arbuthnot Lane, who 
enjoyed well-merited priority for so many procedures 
in the domain of surgery. More curiously, 
Symeonidis (1935) has recorded a teratoma of an 
accessory abdominal testicle, the tumour exhibiting 
a predominance of chorionepitheliomatous elements ; 
and Goldstein and Casilli report a rhabdomyo- 
sarcoma of the left cremaster which weighed 1610 g. 
and implicated, though not infiltrated, the testis 
and also an accessory testis on the same side. 

Testicular Grafts and Neoplasm.—From days 
when testicular grafting was in vogue no case of 
testicular neoplasm has been forthcoming. 

Bilateral Testicular Tumours.—A century 
ago T. Blizard Curling remarked that “it very 
rarely happens that both testes become affected ”’, 
but the march of the years has intermittently dis- 
closed such occurrences. Even before Curling’s 
time, James Wilson had reported the removal of 
both testicles for malignant disease in a patient who 
had developed no recurrence two years afterwards. 
Denonvilliers was confronted by a patient with 
two enormous sarcoceles, who succumbed after the 
removal of the first. Demarquay in 1854 reported 
a case where a second testis was ablated for malig- 
nancy three years after the first. Peirson put 
surgeons under an obligation by collecting 46 cases 
from the literature up to 1932 and adding one of 
his own: Lewis and Priestley had only brought the 
figures to §2 in 1938 : Graves and Lawrence reported 
another in 1942. In the present series 9 additional 
cases of bilateral testicular malignancy have been 
found. There were 4 in the St. Bartholomew’s 
cases collected for me by Mr. Denis Ellison Nash ; 
Mr. John Richardson found 2 among the cases 
from the London Hospital—one with “ simultaneous 
bilateral carcinomata ”’, the other man had semin- 
omas operated on in 1943 and 1946. Mr. A. E. 
Roche has himself dealt with 2 cases: one operated 
on for a seminoma in 1933 and 1946, the other case 
had a teratoma removed in 1937 and seminoma in 
1939 and remains well in 1946. A patient in the 
Middlesex Hospital component of the present series 
had a teratoma operated on in 1933, a teratoma of 
the opposite testicle removed in 1941, and is free 
from recurrence in the end of 1946. 

Clinical Varieties.—Interest in this subject 
dates back as early as 1696, when St. Donat reported 
a tumour of the testis containing bone and cartilage. 
The huge size attained by testicular tumours and 
abdominal glands, the rapidity of growth, the massive 
metastases extending to the diaphragm ; the headlong 
course to a fatal ending naturally attracted the 
observation of all the older writers. 

Abernethy, in discussing ‘cystic sarcoma’ of 
the testis, says: ‘“‘ the part is perhaps enlarged to 
six times its natural size and consists of a congeries 
of cells containing a serous fluid ; their size is that of 
currants or grapes, but of an oval figure”. He 
refers to the vascularity of the cyst walls and adds 
that Baillie (Matthew) ‘‘ gives an elegant and correct 
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representation of this disease ” (i.e., teratoma) in his 
series of engravings to illustrate Morbid Anatomy— 
vide Fasc. 8, Plate 8, Fig. 2 (see Fig. 11). 

In previous communications one of the authors 
(G. G.-T.) has endeavoured to delineate certain 








Fic. 11.—A large part of a testicle which had been con- 
verted into a mass of hydatids. A teratomatestis. (From Mr. 
Hunter’s Museum.) (After Matthew Baillie, 1802.) 


clinical types wherein the malady may manifest itself. 
It must suffice to do little more than mention these 
varieties in this lecture :— 

1. The insidious, often painless, relentless testi- 
cular enlargement, followed after a variable interval 
of time by evidence of metastases. 

2. The ‘hurricane’ type of growth which 
hastens the patient to his coffin in days or weeks 
rather than in months or years. Thus a stoker in 
one of H.M. ships experienced at first only slight 
dysphagia which did not prevent him from continu- 
ing on duty. Next, sudden pain on the left side of 
his back rendered him incapable of activity, and in 
less than five weeks from the first symptom he was 
dead (Ommaney Davis). Frank Kidd’s patient 
died twenty days after orchidectomy; Gordon- 
Taylor’s patient thirty days after operation ; Badele’s 
patient, who combined gonorrhcea and testicular 
malignancy, lost his life twelve days after ablation 
of the testis. Miley Wesson’s man with a teratoma 
testis succumbed seventy-five days after the appear- 
ance of the tumour. 

3. The chronic type of malignant neoplasm of 
slow growth or long latent period, verying from two 
to twenty years, succeeded by sudden increase in 





A 


the magnitude of the testicular tumour, a luxuriant 
development of abdominal glands, or a frightful 
efflorescence of visceral metastases. 

4. The ‘ Pseudo-inflammatory Type’.—One of 
us (N. W.) has been impressed with the early pre- 
operative diagnosis of testicular malignancy among 
the Australian patients. Unfortunately, the concept 
of Venus and Mars in close proximity is not readily 
dismissed from the minds of English regimental 
officers. The course run by malignant disease in 
the venereal sufferer is of the ‘hurricane’ type. 
The pseudo-inflammatory group presents real dia- 
gnostic difficulties and is amply illustrated by such 
cases as the following :— 

Case-——A soldier had a_ slowly-increasing scrotal 
swelling for two months, but experienced pain for two 
days prior to reporting to a Medical Officer. On exam- 
ination the swelling involved the epididymis more than 
the testicle, and was craggy and painful; testicular 
sensation was normal. The man was thought to have a 
tuberculous epididymitis ; the Mantoux test was strongly 
positive. After further investigation, the epididymis 
was removed and was found to be the seat of a tumour, 
aseminoma. Orchidectomy was immediately performed. 


Case.—E. H. C., aged 29, was seen two weeks after 
the onset of pain, tenderness, and swelling in the right 
testicle. After a few days in bed, during which sulpha- 
thiazole was administered, the swelling subsided, but 
recurred a week afterwards ; the excised testicle proved 
to contain a very malignant seminoma. 


Case.—R. C. F., aged 24, entered hospital two weeks 
after the onset of pain and swelling in the left testicle. 
This came on one night after he had been swimming 
during the day, and he was treated as a case of acute 
epididymo-orchitis. The appearance of the testicle, 
epididymis and cord supported the diagnosis in every 
way. ‘Testicular sensation was never lost. Unfortun- 
ately the soldier had a teratoma. 


5. The fifth clinical type is that in which the 
primary growth remains unobtrusive, while the metas- 
tases by reason of their multiplicity, their regional 
distribution, their enormous proportions, or the 
arresting symptom which they produce dominate 
the clinical picture :— 

a. Pulmonary symptoms. 

b. Glandular enlargement in abdomen, neck, or 
axilla. 

c. Abdominal syndrome. This may supervene in 
sudden dramatic fashion and simulate an acute 
abdominal emergency. The symptoms may be due 
to torsion of an abdominal testicle containing a 
neoplasm (Buckley, Burke, etc.) or the impaction 
of a malignant abdominal testis in the pelvis (Gordon- 
Taylor and Till, 1938). Another man admitted to a 
London Hospital with acute symptoms suggesting 
an upper abdominal catastrophe was saved from 
operation by the X-ray demonstration of character- 
istic nodules in his lungs ; post mortem a superficial 
chorioncarcinomatous metastasis in the liver was 
found to have bled into the transverse mesocolon 
(Jayne and Jarrett). Some cases with acute sym- 
ptoms have simulated an appendix abscess or 
suggested an ileocecal tumour ; the pelvic testicular 
neoplasm carries special dangers, since it may suggest 
to the unwary an attempt to drain by the rectal route 
an imaginary abscess. Sometimes waves of peri- 
stalsis, vomiting, etc., may suggest the diagnosis of 
intestinal obstruction. 
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At other times the abdominal symptoms may be 
milder and more vague. In Mirizzi’s case a man 
of 30 came with a complaint of vague gastro-intestinal 
disturbance of six weeks’ duration followed by pain 
in the flanks: on more careful inquiry the informa- 
tion was elicited that he had noticed an enlarge- 
ment of one testis for one year (!) 

Sas (1930) reported the case of a man of 24 who 
entered hospital for pain in the right hypochondrium 
and right renal angle. A careful examination re- 
vealed an abnormally small left testis and normal 





Fic. 12.—Malignant testicular growth ulcerating through 
scrotum. (From Kocher, in Pitha and Billroth’s “ System of 
Surgery ”’). 


breasts. His alimentary tract was X-rayed and his 
appendix was thought to demand removal ; he left 
hospital convalescent [sic] after this operation. Six 
weeks later he returned because rapid increase in 
size of the smaller testicle, and now there was pain 
in the back and hip. The tumour proved to be a 
chorionepithelioma, and the disease ran a character- 
istically rapid course. 

d. Pain in the back, which may be due to,the 
weight and drag of the enlarged testicle or may 
indicate infiltration of the spine itself. 

e. Breast hypertrophy (gynzcomasty) has on very 
rare occasions been the earliest clinical sign to bring 
surgeon and patient together. 

f. Osseous metastases are rare, but have developed 
when an abdominal testicle becomes the seat of a 
neoplasm. 

g. Sexual precocity may be a rare initial symptom 
in the case of testicular malignancy in childhood. 

h. Other miscellaneous symptoms which have 
first attracted attention and have led to the discovery 
of a testicular neoplasm. For example, a swelling 
of the face and a discharge from the mouth, for 
which one superior maxilla was excised, revealed 
new growth, with the histological characters of 
chorionepithelioma. Subsequent investigation of the 
scrotum disclosed a left testicle with the dimensions 
of a small tangerine orange. In no circumstances 
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has the existence of a metastasis in the eyeball consti- 
tuted the reason for first bringing a patient with a 
malignant growth of the testes under the notice of 
the clinician; nevertheless, a metastatic semino- 
matous deposit in the globe once curiously dis- 
placed the choroid and retina in a boy of 4 during 
the progress of a malignant malady starting in the 
testis. 

Exceptionally marked hypertension without renal 
disease brought ore patient under surgical observa- 
tion (J. E. Adams). The discovery of large amounts 
of gonadotropic hormone pointed to the diagnosis 
of a chorioncarcinoma of the testis. 

A naval rating was admitted to a sick bay with 
symptoms of acute intracranial disease. A metas- 
tasis of testicular origin was found in the brain 
(Ff. R. nav. med. Serv., 1943, 29, §7). 

6. Cases of Sudden Death due to Testicular 
Metastases.—Sir Alfred Webb-Johnson was present 
at the autopsy on an officer who died suddenly in a 
hospital lavatory in Wimereux during the 1914-18 
war. A huge secondary thoracic growth had in- 
vaded the cavities of the heart, extending into the 
pulmonal cleft. Only after diligent search was.the 
testicular neoplasm demonstrated. 

Case.—A policeman had a seminoma of the right testis 
removed by Mr. Clifford Morson. Five years later, 
when patrolling his beat, he collapsed in the street and 
was dead on reaching hospital. A single secondary 
deposit was found in the brain. 

Case.—Mr. John Richardson informs us of the sudden 
death of a railwayman from a thoracic metastasis invading 
the cavities of the heart. 

Ulceration of Primary Growth.—Malignant dis- 
ease of the testis seldom ulcerates through the skin. 
Sir William Lawrence has “‘ never seen it make its 
way externally, although in one case the tumour was 
full ten inches in length”’. Kocher figures one such 
case (Fig. 12); the condition was also reported by 
Hagles, of Dublin, a century ago in a tumour which 
weighed 5 lb. avoirdupois and measured 22 in. in 
circumference. Ulceration of the neoplasm only 
occurred thrice in our present series. 

Inguinal Gland Involvement.—The involvement 
of inguinal glands in association with malignancy 
of the testes was known to John Hunter, who had 
seen death resulting from ulceration. Abernethy 
relates a case where the “ tumour made by inguinal 
glands on each side was the size of a man’s head. 
The pelvis was filled with glands and the vertebre 
hidden by others as high as the diaphragm ”’. 

Some have said that involvement of the inguinal 
glands by metastatic lesions occurs in 23-3 per cent 
of cases and is second in frequency to implication 
of the lumbar glands. Our statistical inquiry lends 
no support to such a high figure ; in our experience 
inguinal gland involvement is an event of rarity in 
this malady. 

Where the glands of the groin are affected, the 
testicular tunic has probably been perforated. On 
the other hand, the glands may be attacked via the 
external iliac glands. 

Malignant Disease of the Retained Testicle 
(Figs. 13, 14).—Controversy has long raged around 
the question of the proclivity of the retained testis 
to malignant transformation. In 1927 Wangensteen 
(1935) wrote: “No greater diversity of opinion 
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probably exists concerning anything in medicine 
than the question of malignancy in the undescended 
testis’, while in 1933 Hinman said, ‘‘ Whether 
tumour is relatively more frequent with inguinal 
than with abdominal retention is uncertain ’”’. 
Perhaps the most valuable paper dealing with the 
problem is statistical—critical review by Horace E. 
Campbell (1942), formerly George Gorham Peters, 
Travelling Fellow in Surgery of the Peter Bent 
Brigham Hospital, Boston, U.S.A. 


operation (orchidocleisis). Thus in this series of 
cases hitherto unpublished 82 tumours have involved 
testicles which have failed to descend naturally— 
about I3°I per cent of the cases under review. The 
subject of orchidopexy and neoplasm will be con- 
sidered in a subsequent paragraph. 

Further suggestive evidence of the _ special 
predisposition of the ectopic testicle to undergo 





Fic. 13.—Malignant growth of undescended testis from a 
cast formerly in Museum of St. George’s Hospital (1847). 
(After Ogle and Holmes.) 


Campbell collected figures from many sources 
which indicate the incidence of testicular non- 
descent in the general adult population to be approxi- 
mately 0-23 per cent. If the frequency of malignant 
disease were in no way related to non-descent of 
the organ, then only 0-23 per cent of any series 
of testicular neoplasm ought to implicate undes- 
cended testes, whereas Dean (1935) found a retained 
testicle to be the site of new growth in no less than 
13°5 per cent of his series; Miyagi (1938) in 12-4 
per cent, Hinman (1933) in 12:2 per cent, and 
Rubaschow (1926) in 11 per cent. In an analysis 
of 1371 malignant tumours of the testicle from 
various authors, Rea (1931) found an undescended 
testis to be occupied by new growth in no less than 
IO per cent of his collected series: that is to say, 
malignant disease of the undescended testicle in 
Rea’s analysed cases was at least fifty times as 
frequent as it should be if maldescent carried no 
increased liability. 

The occurrence of 74 cases of malignant tumour 
of the undescended testicle in the authors’ present 
series of 626 hitherto unpublished cases of testicular 
neoplasm furnishes a percentage comparable with 
those detailed above, viz., 11-8 per cent. 

In addition to the 74 cases of malignant tumour 
of undescended testes, there were 6 cases of malig- 
nant neoplasm arising in testicles brought down and 
fixed in the scrotum by surgical methods (orchido- 
pexy), and 2 cases of malignant disease supervening 
in inguinal testes replaced inside the abdomen by 





Fic. 14.—Malignant growth of undescended testis shortly 
before death from same patient as Fig. 13 after one year. 
From a cast formerly in the Museum of St. George’s Hospital 
(1847). (After Ogle and Holmes.) 


malignant transformation is obtainable from Gilbert’s 
papers (1940, 1941). In patients with cancer of 
one testicle and unilateral cryptorchidism, the 
ectopic organ was the one affected in 97°5 per cent 
of the cases. 

Amongst patients with bilateral cryptorchidism 
and unilateral malignancy of the testicle, 24:6 per 
cent subsequently developed cancer in the second 
retained testicle ; whereas in patients whose testes 
were both in the scrotum, malignancy in one was 
followed by cancer in the other gonad in only 0-76 
per cent. Thus the frequency of bilateral malignant 
involvement of ectopic testicles is thirty-two times 
that of scrotal organs. 

Not without interest are the investigations of 
Pace and Cabot (1936) on the histology of undes- 
cended testes removed from patients whose ages 
ranged between 18 and 67 years ; in no less than two 
and possibly three specimens out of twenty-four the 
existence of unsuspected early malignant disease was 
revealed. 

But Campbell has put surgeons still deeper in 
his debt: he found that combined statistics revealed 
about equal numbers of abdominal and inguinal 
malignant testicular growths. But it should be 
remembered that cases of abdominal retention 
constitute only about 20 per cent of cases of testicular 
non-descent, i.e., the proportion of abdominal to 
inguinal testicles is 1 to 4. Thus the chances of an 
abdominal testicle undergoing malignant transfor- 
mation are four times as great as those of inguinal 
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testicle. One in 20 abdominal testicles show malig- 
nant change ; one in 80 testes retained in the groin 
become neoplastic. 

The interesting chronological table of castrations 
performed for malignant disease of the undescended 
testicle which Monod and Terillon (1880) have 
furnished is virtually a story of the famous names in 
European Surgery from 1777 to 1878. Percival 
Pott appears first in this surgical saga, but Pott was 
in fact deprived of this honour by a cocksure surgical 
assistant who did not recognize the malignant 
character of the malady and expressed to the patient 
his conviction that the condition was one that would 
respond to medicinal measures. The patient not 
unnaturally anxious to avoid surgical operation, 
discharged himself from St. Bartholomew’s, but 
Pott was present a month or two later when the testis 
was removed at St. George’s Hospital. 

Amongst the records disinterred by the diligent 
inquiry of Monod and Terillon (1880) are the opera- 
tions of Chopart in 1780, Dupuytren, 1839, Arnot, 
of Middlesex Hospital, 1846 and 1870, Storks, 1847, 
Ricord, 1849, Demarquay, 1854, Jobert de Lamballe, 
1856, Huguier, 1856, Spry, of Truro, 1859, Szyman- 
owski, of Kiev, 1861, who himself was operated on 
by Pirogov, 1867, for the same malady, which soon 
recurred and killed him, and of which he furnished 
a full personal account. Among British Surgeons 
in the Monod and Terillon table were Arthur Poland, 
of Guy’s, whose case of fungoid disease of the testis 
and cord resembled an omental hernia to which 
taxis had been applied (1842), Fayrer, of Calcutta 
(1862), Michell Clarke, of Bristol (1862), Hewson 
(1862), and Partridge (1868). 

The main purpose of Monod and Terillon’s 
paper is to dispel the anxieties supposed to attend 
removal of the ectopic testis by reason of the prox- 
imity of the processus vaginalis and resultant 
peritonitis on which Curling and Le Dentu had 
insisted. The end-results of the cases recorded 
collected by Monod and Terillon were invariably 
disappointing, with the exception of that of Despres 
(1875), whose patient was free from recurrence four 
years later. 

Orchidopexy and Neoplasm.—lIn view of the 
frequency of the operation of orchidopexy the relative 
paucity of cases of malignant disease in testicles 
brought down into the scrotum by surgical effort 
would appear to suggest that perhaps some protective 
agency against the development of malignant change 
in the organ is inherent in operation successfully 
performed. Six cases of malignant disease arising 
in undescended testicles brought down by surgery 
were found in this present series ; in § the neoplasm 
developed between 2 and 8 years after orchidopexy, 
and in the sixth 31 years had elapsed (!) In Gilbert’s 
series the interval averaged 12 years for a seminoma 
and 5 years for a teratoma. 

However, inadequate fixation or subsequent reces- 
sion of the organ within the inguinal canal or abdomen 
has been followed by malignant change in a suggestive 
percentage of cases of cancer following orchidopexy 
(Bouchard and Laquiére, 1925; Marcuse, 1928 ; 
Mackenzie and Ratner, 1934; Deiterman, 1937; 
Chauvin, 1938; Chevassu, 1935). This finding 
would appear strongly to indicate the need for 
orchidectomy in cases where orchidopexy has failed. 
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Rarely the rapidity with which testicular malig- 
nancy declares itself after orchidopexy appears to 
suggest a causal relationship between operation 
and malady. Such cases are exceptional; two have 
come under the observation of one of the authors 
(G. G.-T.). 

Case 1.—A man of 32 years, who had had a retained 
testicle in the inguinal canal all his life, developed a 
hernia and submitted himself to a ‘ radical cure’ and 
orchidopexy. Within six months of operation the 
testicle fixed in its new environment displayed unmis- 
takable signs of malignancy and was promptly removed. 
A large rapidly-growing mass in the iliac fossa was 
submitted to radiation; the tumour was reported as a 
‘carcinoma ’, but may well have been a seminoma. The 
growth was at first dramatically radiosensitive, and 
death was postponed for nearly twenty months after 
radiation therapy was commenced. 


Case 2.—A man of 27 years had a retained testicle in 
the inguinal canal all his life. He was operated upon 
by a northern surgeon for a hernia which had recently 
appeared and orchidopexy was also performed. Within 
three months, and before the testicle had been freed 
frorr ‘ e thigh to which it had been temporarily attached 
acc uimg to the Keetley-Torek technique, the organ 
e  oited indubitable signs of malignancy, and was 

noved. Despite radiation therapy the man succumbed 
thin six months of the orchidopexy. 


Malignant Disease supervening in an 
{nguinal Testicle replaced inside the Abdomen 
(Orchidocleisis).—Romiti (1923) recorded a case 
from Taddei’s clinic in Pisa, where malignant disease 
developed in an inguinal testicle of a man of 37 years 
whose inguinal hernia was repaired and whose 
testis was replaced within the abdomen—a repre- 
hensible procedure (!) which came to surgery from 
the Boche. (Soc. frang. Urol.) 

A case was reported some years ago by one of the 
authors (G. G-T.) where a boy of 15 years had a 
a left inguinal testis replaced within the abdomen. 
Six years after the operation a large, hard, fixed 
tumour appeared in the left iliac fossa, just inside 
the internal abdominal ring; the lower limb was 
swollen and oedematous, and there appeared great 
probability that malignancy had attacked the replaced 
testicle. Metastases soon appeared in the thorax, 
strongly suggestive on radiography of a testicular 
origin, and also on the left side of the neck; these 
grew at a phenomenal rate, and death quickly super- 
vened. No autopsy was permitted, and micro- 
scopical confirmation of the diagnosis was never 
forthcoming. 

There are two additional cases of this type of 
testicular neoplasm in the present group of cases 
under review ; in one patient two years, in the other 
thirteen years, elapsed between orchidocleisis and 
clinical evidence of neoplasm. In each, death 
swiftly ensued. 

Prognosis in Malignancy of the Ectopic 
Testicle.—Three personal cases of malignant disease 
of an inguinal testicle treated by inguinal orchidectomy 
and radiation therapy have survived operation many 
years ; two of the cases were reported as ‘ spermato- 
cytomata’, i.e., seminomata; and a child of 17 
months had a malignant teratoma of an inguinal 
testis. In the two inguinal seminomata the post- 
operative X-ray treatment was not administered 
according to modern standards, yet one survived 





ry a a Aw 


he et ~D 


1] 


gre 
rel 
is 
up 
syn 
test 
ope 
abc 


be | 
eley 


plas 
pati 
trea 
in t 
eVic 
the 

agai 
latex 
in d 


hop. 
surg 
men 
thele 
year: 
abdo 
8 in. 
the | 
lumt 








—_— re we YE 


Se 7. & 


“s 


Yee NM RH 





MALIGNANT TESTICULAR TUMOURS 15 


operation twelve years before being killed in an 
accident and the other is still alive twenty-six years 
after an operation performed when he was 17 years 
of age. 

A teratoma of the inguinal testis, which was 
submitted to extensive radiation therapy after opera- 
tion, is still alive and well nineteen years after. 
Fig. 15 is taken from a man with a seminoma of an 
inguinal testis, who is well ten years later. 





FIG. 15.—Seminoma of undescended testis. Patient alive 
10 years after orchidectomy and radiotherapy. 


The gloom which characterizes the clinical pro- 
gress of malignant disease of the abdominal testicle is 
relieved by one or two encouraging cases. Lecéne 
is quoted by Aurousseau (1916) as having operated 
upon a man of 40 years who had acute abdominal 
symptoms and who, on account of the absence of a 
testicle in the scrotum or inguinal canal, was pre- 
operatively regarded as a case of torsion of an 
abdominal testicle. Surgical exploration revealed 
a malignant tumour which proved histologically to 
be a seminoma ; the patient was alive and well over 
eleven years after removal. 

Another long-lived abdominal testicular neo- 
plasm was operated upon by Quinby (1938). The 
patient was given two courses of post-operative X-ray 
treatment ; but three years after operation a lump 
in the thorax caused a rib to bulge, and there was 
evidence of pulmonary metastases in the lungs and 
the liver was enlarged. Intensive radiotherapy was 
again instituted, and the man was alive ten years 
later. Riches’s case, where the neoplasm was 6 in. 
in diameter, was alive three years after (Fig. 16). 

Unfortunately, many such primary growths are 
hopelessly inoperable when they first come under 
surgical observation, the degree of glandular involve- 
ment precluding any protracted survival. Never- 
theless, Dew recorded a case where a man of 37 
years had a testicular tumour retained inside the 
abdomen and exhibiting the tremendous size of 
8 in. by 6 in. by 5 in.; despite the large volume of 
the tumour there was no sign of metastases in 
lumbar glands or elsewhere. Advanced pulmonary 





tuberculosis, however, unfitted the patient for any 
operative surgery. 

Onset of Malignancy in the Undescended 
Testicle after Hormone Therapy.—Despite the 
feverish activities of endocrinologists, the writers 
can find only one case on record (Yates Bell), where 
a seminoma developed in an undescended testicle 
one year after its descent into the scrotum. The 
boy of 16 years had been, previously to the 
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Fic. 16.—Teratoma of an abdominal testicle. 
alive three years after removal and radiotherapy. 
6in. in diameter. (Mr. Eric Riches’ case.) (x 4.) 


lodgement of the testis in the scrotum, tormented 
by hypodermic injections of some gonadotropic 
hormone. 

Prognosis and Treatment.—Fifty years ago 
the mere mention of malignant disease of the testis 
conjured up the spectre of rapid dissolution. Erich- 
sen, in 1895, wrote of malignant disease of the 
testicle thus: ‘“‘ The only treatment of any avail is 
removal. The operation is not performed so much 
with the view of curing the patient of his disease, 
which will probably return in the lymphatic glands 
or in some internal organ, as of affording temporary 
relief from the suffering and encumbrance of the 
enlarged testicle. It is, therefore, an operation of 
expedience.”’ 

Sir Henry Morris, in 1896: ‘“‘ Commonly recur- 
rence takes place in the lumbar and pelvic glands 
within a year... but there are on record some 
most encouraging instances of patients living several 
years after the operation without any return of the 
disease.”” Doubtless when the Middlesex Hospital 
Surgeon (President, Royal College of Surgeons, 
1906-8) penned these lines he was not unmindful 
of a few exceptions to the customary baleful story, 
remembering Curling’s case of fifteen years’ survival, 
the man dying of causes unconnected with the 
testicular tumour ; of Cesar Hawkins’s patient, who 
lived twelve years; of the patient operated on by 
Meade, of Bradford, who was alive nine and a quarter 
years later; of Cock’s patient (of Guy’s), who was 
well six years after orchidectomy for a medullary 
cancer. 
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Treatment.—The present writers bring forward 
no novel, heroic, or dramatic operation of surgery 
whereby the end-results of this particular malady 
have been bettered. To-day, few surgeons, and 
only under the most exceptional circumstances, 
perform the so-called ‘radical operation’, con- 
ceived in Philadelphia in 1902, born and fostered in 
France in the early years of the century; Grégoire, 
Cunéo, and Chevassu were then its sponsors. 
Gallic enterprise was soon emulated in Britain, 
with Bland-Sutton, Russell Howard, Morriston- 
Davies, and one of the writers (G. G.-T.) as its 
protagonists. 

After the first Great War increasing experience 
led to ingravescent disappointment with the end- 
results of the ‘ radical operation’ ; keener apprecia- 
tion of the anatomical researches of Dobson and 
Jamieson and of Handfield-Jones into the lymphatic 
connexions of the testicle doubtless played a part in 
the gradual abandonment of the major procedure. 
This malady is perhaps the one form of cancer where 
even the most intransigent surgical die-hard sets out 
in the fifth decade of the twentieth century to do less 
and less. Even Hinman in a recent series only 
performed a radical operation after radiation in 3 
out of 58 cases. The operation of election is nowa- 
days a simple mundane surgical exercise akin to that 
performed with consummate skill and dexterity by 
veterinary surgeons, with some refinement in the 

- making of eunuchs, and more ignorantly and less 
delicately by the self-castrators from Father Origan 
and his rough imitators—the elderly husband of the 
froward and petulant wife, the repentant mastur- 
bator of Le Lonjon’s clinic, to the would-be eunuch 
who pestered the great Liston himself. To-day, 
in the matter of testicular malignancy, all is simplicity 
in surgery. 

Since the time that radiation therapy was first 
used for the abdominal area by Beclére (1905) in 
cases of testicular malignancy, its employment has 
steadily increased, and to-day this is the preponderant 
factor in any success that may attend the treatment 
of malignant disease of the testes. 


Prognosis.— 
Table Z. 


Cases operated on up to and including 1945 
(i.e., cases that might have lived 1 year) :— 


No. of cases 636 
Dead within year 244 
Percentage 38°3 


Cases operated on during the years up to and 
including 1943 (i.e., cases that might have 
lived 3 years) :— 


No. of cases 520 
Dead within 3 years 273 
Percentage §2°5 


Cases operated on during the years up to and 
including 1941 (i.e., cases that might have 
lived 5 years) :-— 


No. of cases 396 
Dead within 5 years 218 
Percentage 55°5 


Cases operated on during the years up to and 
including 1936 (i.e., cases that might have 
lived 10 years) :— 


No. of cases Iss 
Dead within 10 years 118 
Percentage 76°1 





JOURNAL OF 


SURGERY 


Table II.—PROGNOSIS BASED ON HISTOLOGY 
OF TUMOUR 


45°6 per cent of teratomata 


Cases dead at end of I year 39 per cent of seminomata 


66 per cent of teratomata 
Cases dead at end of 3 years 42 per cent of seminomata 


; 82 per cent of teratomata 


Cases dead at end of 5 veais 7°§ per cent of seminomata 


$5 per cent of teratomata 


Cases dead at end of 10 years 73 per cent of seminomata 


Prolonged survival: I+ will be noted in Table I 
that 23-9 per cent of the patients are alive at ten 
years. Mr. Philip Mitchiner sends me notes of a 
Jugoslav, who was alive eighteen years after orchid- 
ectomy, and of another patient surviving fifteen 
years after operation. 

Perhaps one of the longest-lived survivors of 
malignancy of a testis is a case of Dr. Nevill S. Finzi, 
alive some thirty years later; while the late Dr. 
Cunéo, of Paris, has a thirty-year survivor after the 
‘ radical operation ’. 

A patient of one of the writers (G. G.-T.) is alive 
twenty-six years after the removal of a malignant 
growth of an undescended testicle. Twenty years 
ago the same writer removed a malignant teratoma 
of the testis from a young boy who is serving in the 
Royal Navy to-day. On the other hand, metastases 
have been known to occur even eleven and a half 
years after orchidectomy (P. Zerman’s case). 

Few of the fatal cases in our present series have 
succumbed from causes other than those connected 
with the primary malady. Two or three died from 
hemorrhage from chronic ulcer; two _ perished 
from a primary carcinoma of the bronchus ()), 
microscopically confirmed. 

The main purpose of this lecture has been to 
collect a sufficiency of cases from which reliable 
conclusions as to prognosis might be drawn. The 
task of tracing so large a number of patients treated 
in diverse hospitals would have been impossible 
without the kindly co-operation of so many friends. 
The immense trouble which they have taken de- 
mands from us more than a general reference and 
calls for our acknowledgement to many individuals. 
Ranald Handfield-Jones kindly placed some of his 
own illustrations at our disposal; these are from 
the pencil and brush of the late W. Thornton Shiells, 
who in days past did so much to adorn the publica- 
cations of the senior author (G. G.-T.). 

Our grateful thanks are also due to Mr. J. D. 
Fergusson, of the Central Middlesex Hospital, for 
the loan of the illustration of a neoplasm of an 
inverted testis (Fig. 4). We trust that forgiveness 
will be shown us if we fail to acknowledge our 
indebtedness to representatives of many Institutions 
who so wholeheartedly extended their aid. It is 
somewhat invidious to arrange our friends in any 
order of priority, but perhaps it will not be taken 
amiss if the number of patients contributed by any 
surgeon to the total figure are regarded as giving 
the donor pride of place ! Professor Brian Windeyer 
and Middlesex Hospital ‘follow-up’ Department 
are specially deserving of our thanks; Sir Stanford 
Cade unhesitatingly and in almost the twinkling of 
an eye furnished us with the results of his own 
cases. Our most grateful thanks are also due to 
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Mr. Denis Ellison Nash, of St. Bartholomew’s ; 


Mr. Philip Mitchiner, C.B., C.B.E., and Dr. Metters, 
of St. Thomas’s; Mr. Ronald Raven, of the Royal 
Cancer Hospital; Mr. John Richardson, of the 
London Hospital; Mr. C. Nicholas, of Guy’s ; 
Miss Burvill-Holmes, of University College Hospital ; 
Mr. Rodney Smith and Dr. J. J. Richmond, of St. 
Georges; Mr. A. E. Roche, of the West London ; 
Mr. John Everidge and Mr. J. G. Yates-Bell, of 
‘King’s’; Dr. G. E. Stebbing, for the Hospitals 
of the London County Council; Mr. Ivor Lewis, 
of the North Middlesex Hospital; Mr. J. D. Fer- 
gusson, Mr. J. Scholefield, and Mr. H. G. Hanley, 
of the Middlesex County Hospitals. Further afield 
we did not look in vain to Mr. John Borrie, of South- 
end Hospital; Mr. H. W. L. Molesworth, of 
Canterbury and Folkestone ; or Mr. G. W. Beresford, 
of Brighton. 

No small amount of information has come from 
the case records and the specimens of our friend and 
colleague, Eric Riches; we should also be sadly 
wanting in gratitude if we forgot the generous help 
of friends like Anthony Till, now of the Radcliffe 
Infirmary, Oxford, Zachary Cope, or Kenneth 
Heritage, or H. W. S. Wright, with his penchant 
for hard work and his eagerness to help at all times. 

Professor Rupert Willis, William Collins Pro- 
fessor of Pathology at the Royal College of Surgeons, 
most generously re-read the paragraphs embodying 
his views on the histogenesis of testicular neoplasms. 

In Australia we are indebted to Major G. V. 
Rudd, Pathologist at 113 (Concord) Military Hospital, 
and to Colonel A. H. Tebbutt, Consulting Patholo- 
gist, and to Major-General Burston, D.G.M.S., for 
permission to make use of the cases in the Australian 
Army. 

The immense body of English general practi- 
tioners who because of their number must be 
nameless, whom we have pestered for information 
that may have been lacking in the hospital reports 
and who have never failed to answer our inquiries, 
deserves a special word of praise. 

Finally, we have had the advantage of the skill of 
Miss Gwen Trew, who is responsible for a number 
of illustrations which accompany this paper. 
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INTRALOBAR SEQUESTRATION OF LUNG ASSOCIATED WITH AN 
ABNORMAL PULMONARY ARTERY ; 


By D. M. PRYCE, T. HOLMES SELLORS, and L. G. BLAIR 


HAREFIELD HOSPITAL 


ABNORMALITIES in the vascular supply and anatomy 
of the lung are of special interest to the surgeon who 
may ‘come across them at operation. A condition 
in which an abnormal artery was associated with an 
ectopic pulmonary mass in the lower lobe was recently 
described by Pryce (1946). The abnormality was 
twofold and consisted of: (1) A large artery to the 
lung from the aorta in the region of the diaphragm ; 
and (2) A congenital bronchopulmonary dislocation 
(sequestration or ectopia) in the part supplied by the 
abnormal artery. Attention was drawn to the elastic 
nature of the vessel (in which respect it resembled 
the normal pulmonary artery), and an explanation 
was given for the elastic nature of pulmonary arteries 
in general. A theory was also put forward concern- 
ing the sequestration which was based upon the mode 
of origin of the abnormal artery. But due to 
lack of space other theories of pulmonary ectopia 
were not discussed. This deficiency is now rectified. 
The present paper, however, deals with the subject 
more from the clinical and radiological aspects. The 
abnormal artery is a definite hazard in the operation 
of lower lobectomy, since it is usually of considerable 
size and arises in a relatively inaccessible angle (see 
Fig. 17). In one recorded case (Harris and Lewis) 
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Fic. 17.—Appearance of the ligated abnormal artery after 
left lower lobectomy. 


it was the cause of death. The importance of the 
bronchopulmonary anomaly is that it is liable to 
become infected, with the result that a diagnosis of 
recurrent pneumonia is usually made. Later, if sup- 
puration occurs, the condition resembles bronchiec- 
tasis, cystic disease, or empyema, and operation has 
usually been undertaken for one of these conditions. 
Even at operation the abnormality is not always 
recognized, and its true nature only determined on 
pathological examination. There is no doubt, how- 
ever, that previously examples have been missed 
both in surgical excised specimens and at post- 
mortem examinations. Conversely, interest increases 


its apparent incidence. Thus of the five American 
cases in which a similar artery was recorded, fouy 
(including two with the associated bronchopulmo: 
abnormality) came from the same medical sc 
(Ann Arbor, Michigan). The frequency of the d 
abnormality at Harefield Hospital was 6 among 33 
pulmonary excisions (an incidence of 1-8 per cent 

Previous reports of the dua! abnormality are very 
scanty ; in fact there appears to be only one adequate 
report in the literature—that of Fischer in an um 
published thesis quoted by Miiller (1928). There ig 
also a brief reference to two cases by Haight (1941-2) 
in the report of a meeting of the American Society 
of Thoracic Surgeons. The arterial abnormality 
without the bronchopulmonary abnormality hag 
been more often recorded: Huber (1777), Maugars 
(1802), Meckel (1820), Hyrtl (1839), Eppinger 
and Schauenstein (1902), McCotter (1910), Park 
(1912-13), Batts (1938-9), and Harris and Lewis 
(1939-40). The anomalous artery described 
Menke (1936), which arose from the right subclavian, 
is a related condition, but was an upper and not & 
lower accessory artery. 

It is possible in some of the above cases that § 
bronchopulmonary abnormality was overlooked; 
Indeed in Park’s case the lung was not incised. To 
miss the abnormality in the presence of suppuration 
such as existed in the case of Harris and Lewis 
would be easy. Some reports, however, leave ne 
doubt that the arterial abnormality was present by 
itself. This contention is supported by two case$ 
of the present series in which the abnormal artery 
was not restricted to the mass, but was also dis- 
tributed to adjacent sectors of the normally connected 
lung. Three types of the arterial abnormality may 
thus be recognized :— 

1. Abnormal artery to normally connected lung 
(e.g., McCotter, but none of the present series). 

2. Abnormal artery to sequestrated mass and 
adjacent normal lung (Cases 2, 7, and Fischer’s 
case. In the last named, branches of the normal 
pulmonary artery are said to have entered the mass. 
This was not seen in any of the present cases.) 

3. Abnormal artery confined to the sequestrated 
mass. (Cases 1, 3, 4, 5, 6, 8.) : 

The supply of oxygenated blood to normally 
connected lung (in Types I and II) renders the lung 
supplied as redundanz as lung which is sequestrated. 

In spite of their origin from the aorta these 
abnormal arteries are not bronchial arteries. 
Bronchial arteries are small and muscular, but these 
vessels are large and have the elastic structure charac- 
teristic of pulmonary arteries. This matter, however, 
is more fully dealt with elsewhere (Pryce, 1946). 
As the result of the higher blood-pressure these 
abnormal pulmonary arteries often show athero- 
sclerotic changes, a tendency which was noted by 
Batts. 
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LOCATION OF THE ABNORMAL 
ARTERY 


The abnormality in its various manifestations is 
found in the least accessible part of the thorax, 
| the region of the pulmonary ligament. 


For this 


Fic. 18.—Illustration by Maugars of the abdominal artery 
in his case. 


“ Fic. 19.—Anteroposterior bronchogram in Case 4, showing =4 
pisPlacement, crowding, and incomplete development of the 
Tonchial tree in the basal part of the lower lobe. 
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reason the exact origin of the vessel in operation 
cases is sometimes uncertain. This is especially 
likely when the abnormality is on the right as in 
Cases 1, 2, and 7, and also when the vessel comes 
from out of the diaphragm as in two cases of Haight. 
In all instances, however, the vessel appears to arise 
from the lower part of the thoracic aorta or the upper 
part of the abdominal aorta. Sometimes the vessel 
comes from a diaphragmatic branch of the aorta or 
gives a branch to the diaphragm. The most striking 
example is that of Maugars, a French medical student 
of the revolutionary period. In this case the abnor- 
mal artery arose from the abdominal aorta, gave a 
branch to the right half of the diaphragm, and was 
distributed to the base of both lungs (Fig. 18). The 
other cases were on one or the other side. Cases 
with sequestration have been more common on the 
left, Fischer’s case and five of the eight present cases 
being on that side. Cases without sequestration 
(including those in which it may have been missed) 
are more cOmmon on the right, three being on the 
left, five on the right, and one bilateral. 

In some cases without sequestration (e.g., 
McCotter) the pulmonary ligament was well defined 
and the abnormal artery passed through it. In the 
present cases, however, the pulmonary ligament was 
obscured by adhesions which may have been con- 
genital. In Park’s case there were dense adhesions 
in a child of 24 months. In this case the venous 
return of the whole of the right lung was to the 
inferior vena cava (and it is regrettable that it is not 
known whether sequestration existed or not). In all 
other cases there was no vein at the accessory hilum, 
the venous return being to the normal pulmonary 
vein. The accessory hilum in most of the cases 
contained lymphatic glands. 


THE BRONCHOPULMONARY MASS 


The intralobar sequestration took the form of a 
large cyst (Cases 5, 6, and 8 and the two cases of 
Haight); a mass of polycystic lung connected with 
a dislocated blind bronchus at the hilum (Case 2) ; 


FiG. 20.—Bronchial spaces of the sequestrated mass in 
Case 4 after instillation of opaque oil into the drainage tube. 
This and Fig. 19 are complementary. (The corresponding 
lateral views have been published with Fig. 32 by Blair et al. 
in Brit. }. Radiol., 1946.) 
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or a mass of lung with bronchi branching parallel 
with the abnormal artery (Cases 1, 3, 4, and Fischer’s). 
In Case 7 the mass was disorganized by sepsis and 
consisted of irregular epithelialized spaces communi- 
cating with similar spaces in the adjacent lung. 
Although incorporated within the lower lobe the 
sequestration was dissociated from the normally 
connected lung. In some cases (Cases 4 and 5) 
this was complete, but in others (Cases 1, 2, 3, 6, 7; 
and possibly 8) the bronchial tree communicated 
with the sequestration. Communication was usually 
the result of ulceration (Cases 1, 6, and 7) but in two 
cases appeared to be congenital. Thus in Case 2 there 
was a large aerated bulla between the mass and the 
adjacent Jung which freely communicated with the 
polycystic spaces of the mass; and in Case 3 there 
were 2erated cysts into which ran distal branches of 
normally connected and sequestrated bronchial trees. 
In all instances the sequestration was situated in the 
posteromedial part of the lower lobe, and by its own 
size reduced that of posterior or even all three basal 
sectors. This reduction in the space available for 
growth of the adjacent lung was sometimes shown in 
bronchograms (Figs. 19, 20). 


INFECTION 


Inflammatory changes varied greatly. In Cases 
2, 3, and § they were slight. In Cases 1, 4, and 7 
there was dense fibrosis. In Case 4 there was squa- 
mous metaplasia where bronchi of the sequestrated 
mass communicated with the abscess cavity. In 
Case § (Fig. 33) because inflammation was slight it 
was possible to see that the cyst was really an 
enormously distended bronchus branching with the 
artery. At one time the cysts in Case 6 (Figs. 35, 36) 
and Case 8 may have been similar. As the result of 
infection, however, they had been converted into 
healed abscess cavities with a ciliated epithelial lining 
similar (except for their congenital origin) to lesions 
described by Berard et al. (1946) and Sellors et al. 
(1946). Judging by the size of the artery in Case 8 
it began as a much smaller structure. Infection 
probably occurs by direct spread from a pneumonic 
process in the adjacent lung. In cases with inter- 
vening cysts (Cases 2 and 3) it would be possible 
for infection to occur by means of these structures, 
but actually in two cases concerned inflammatory 
changes were slight. Possibly in Case 7 (with osteo- 
myelitis) infection was hematogenous. The persis- 
tence of infection which sometimes proceeded to sup- 
puration would appear to be due to lack of adequate 
natural drainage. In most cases the sequestration 
was devoid of carbon pigment. 

SYMPTOMS 

The clinical symptoms were all referable to infec- 
tion which tended to begin early in life. The age 
a and at operation are given in the following 
table :-— 

Case Age at Onset Age at Operation 

12 33 

2 2 

113 12 

8 28 

—_ 16 


34 $9 
20 . 40 


OI OQUSAW Nw 


It is seen that in most cases symptoms began in 
the second decade, but that in one case they were 
delayed till middle age. The initial symptoms were 
those of pneumonia, which usually subsided. In 
some cases there was a repetition of the pneumonic 
process even progressing to suppuration. This, 
being localized in the base, was apt to be diagnosed 
as empyema. For example the cyst in Case 6 (Figs. 
35, 36) before coming to Mr. A. L. d’Abreu was 
drained as an empyema and regarded as such in 
spite of simultaneous hemorrhage on two occasions 
from trachea and drainage tube. 

Drainage in these cases was not followed by 
obliteration of the cavity as this was epithelialized. 
In Case 8 the cavity had been drained twenty years 
previously. In Case 7 the suppurative condition was 
diagnosed as bronchiectasis. This was in fact one 
of the earliest cases of ‘ bronchiectasis ’ to be treated 
by penicillin instillation. The relief, however, was 
only temporary, and it is doubtful if the sepsis in 
the ramifying spaces could be dealt with in this way 
even though by ulceration there was communication 
with the bronchial tree. In this case there was also 
osteomyelitis, but the relationship between this and 
the pulmonary sepsis is uncertain. The symptoms 
in Case 1 were largely associated with the polycystic 
disease in the rest of the lung. 


CLINICAL DIAGNOSIS 


The diagnostic features of this anomaly are neces- 
sarily somewhat tentative, though some assistance 
may be gained from radiological examination. There 
are a number of conditions (granulomatous and neo- 
plastic) which might be localized in this particular 


FIG. 21.—Radiograph of Case 5, showing rounded shadow in the 
posteromedial part of the lower lobe simulating neoplasm. 


part of the thorax, and which could produce a 
similar radiological opacity. On the other hand the 
radiological appearances may be within normal limits. 
It is, therefore, not possible to diagnose the condition 
with certainty. There are, however, several features 
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which are suggestive, and in the last case (Case 8) 
the abnormality was confidently anticipated before 
operation. The shadow may be triangular, as in 
this case, and fill up the angle between the medias- 
tinum and the diaphragm, or it may be rounded (as 
in Case 5, Fig. 21) and simulate a tumour. There 
may be aerated cysts adjacent to the lesion, as in 
Cases 2 and 3. In communicating cases opaque oil 
may run into the mass, as in Case 1 (Fig. 22). 


Fic. 22.—Bronchogram of Case 1, showing lipiodol in the 
ectasic spaces of the mass. The communication was not 
revealed by dissection. 


Or the instillation of opaque oil into the drainage 
tube may fill the sequestrated bronchial tree as in 
Case 4 (Fig. 20). But none of these findings would 
appear to warrant a definite diagnosis. In some 
cases the basal bronchi are displaced and crowded 
together, but this is a feature which may be found 
with any other space-filling lesion. Perhaps the most 
Suggestive feature is the associated incomplete develop- 
ment of the adjacent bronchial tree, which may be 
apparent in the absence of crowding, as in Figs. 26 
and 19. It would be difficult, however, to be certain 
that these appearances were not due to incomplete 
filling of the bronchial tree. There is usually a 
history of pulmonary infection, but this condition 
might be recognized in its pre-infective silent phase 
€.g., as the result of mass radiography), and the 
findings would then (especially in young subjects) 
have increased significance. 


TREATMENT 


The treatment of the condition is operative 
€xcision, which is warranted on account of the ten- 
dency to, or occurrence of, infection. It is unlikely, 
however, as has been previously indicated, that the 
abnormality will have been diagnosed beforehand. 
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The possible presence of the condition should there- 
fore be borne in mind in any surgical procedure 
in this part of the thorax. The pulmonary ligament 
is a part where operative cutting is often carried out 
more or less blindly. Inflammatory adhesions make 
the vessel difficult to see, whilst the limited space 
and dense fibrosis hamper control of hemorrhage if 
accidental section of the vessel occurs. Preliminary 
ligature of all tissue in this area is a wise precaution. 
The appearances after lobectomy are shown dia- 
gramatically in Fig. 17. The vessel is usually of 
large size (up to the size of the renal artery) and the 
hemorrhage can be severe, as in the case described 
by Harris and Lewis. Arteriosclerotic changes, how- 
ever, are often marked and tend to reduce the flow 
of blood. In Case 1 (with extensive adhesions and 
advanced arteriosclerosis) the lung was excised with- 
out the abnormal artery having been noticed. The 
ultimate result of excision in all cases was satisfactory. 
In Case 1 there was a post-operative empyema with 
fistula and thoracoplastic closure was required. In 
Case 4 there was also a post-operative empyema 
which subsequently cleared. - 


DEVELOPMENT 


The abnormality is obviously related to ‘ lower 
accessory lung’. In lower accessory lung the pul- 
monary mass is quite separate from the normal lung, 
and is sometimes referred to subsequently as extra- 
lobar sequestration. In this condition the artery at 
the hilum is accompanied by a vein, which drains 
into the vein which happens to be near (usually the 
hemiazygos). In some intermediate cases, however, 
the mass has an arterial root attached to the parietes, 
and a venous root attached to the lung, the blood 
returning as in the present cases to the normal 
pulmonary vein. Concerning the genesis of lower 
accessory lung, there are two theories :— 

1. The accessory theory (associated with the name 
of Eppinger) which regards it as additional in the 
sense of coming from an extra lung bud, and 

2. The fraction theory which regards the ectopic 
mass as a detached part of the developing lung. 

It might be thought (by analogy with ectopic 
pancreas and gastric mucosa) that the accessory theory 
provided a satisfactory explanation of lower accessory 
lung, but it certainly does not explain sequestration 
of the intralobar type. On the other hand the frac- 
tion theory provides a simple explanation of both 
conditions, and they appear to demand a common 
explanation. The lower accessory lung described 
by Scheidegger (1936), however, is best explained 
by Eppinger’s theory. (The stem bronchus of the 
accessory lung was continuous through the diaphragm 
with a gastric diverticulum.) Particulate detachments 
can occur in connexion with the developing lung or 
the foregut. Most para-cesophageal cysts are prob- 
ably derived from diverticula-like irregularities of 
the foregut detached during developmental shift. 
In the developing lung detachment has actually been 
observed. In an embryo described by Hammar 
(1904, quoted by Miiller) there were two cysts corres- 
ponding with a deficiency of the bronchial tree. The 
view held here (and formerly by Cockayne and 
Gladstone, 1917) is that differentiation of lung tissue 
might occur with detachments from either source, 
but that this would be much more frequent with 
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derivatives of the primordium which was actually 
forming lung. 

In Hammar’s embryo the mechanism of detach- 
ment is uncertain. The cysts were not in the posi- 
tion of, and may have no direct bearing on, the 
present abnormalities. Those who have previously 
supported the fraction theory of lower accessory lung 
have suggested several mechanisms by which the 
detachment could be brought about. These include : 

1. Deepening of interlobar fissures. 

2. Amputation by aortic arch (for cases in the 
thorax). 

3. Amputation by pleuroperitoneal iter (for cases 
in the abdomen). 

4. Embryonic adhesions (Cockayne and Glad- 
stone). 

The first three need no comment. The fourth 
implies the idea of traction but is not a likely mech- 
anism as the semi-fluid mesenchyme easily splits. 
Moreover what is postulated exists normally. Owing 
to the cephalad shift of the lungs the surface caudal 
to the hilum (which becomes later the pulmonary 
ligament) is always attached. But sequestration is 
rare because surface attachment is not enough to 
produce it. The theory is not applicable at all to 
cases (referred to later) in which the whole lung is 
sequestrated, because these occur before the develop- 
ing lung has aquired a free surface. Nor does it 
account for the well-established’ association between 
lower accessory lung and congenital defects of the 
diaphragm. Surface attachment, however, is impor- 
tant in connexion with the distribution of lower 
accessory Jung. 

The theory put forward in the earlier paper 
(Pryce, 1946) was based on a consideration of lower 
accessory pulmonary arteries of Type I. The signi- 
ficance of these cases in connexion with sequestra- 
tion has not been recognized. They point to the 
abnormal blood-supply being the prior abnormality 
and sequestration an accidental complication. This 
matter of priority has been much discussed with 
lower accessory lung by authors (such as Beneke) 
who were unaware of the other abnormality. In 
fact, of the numerous authors on lower accessory 
lung, only Eppinger (1902), McCotter (1910), and 
Davies and Gunz (1944) appear to have shown any 
acquaintance with lower accessory arteries of Type I. 
Eppinger deals with the two conditions as unrelated 
entities ; Davies and Gunz refer to the arterial abnor- 
mality only cursorily; whilst McCotter presents 
them side by side, but does not speculate concerning 
their mode of origin. Miller (1928) and Gruenfeld 
and Gray (1941) were acquainted with intralobar 
sequestration as described by Fischer, but not with 
lower accessory pulmonary arteries of Type I. 

As has been pointed out by Harris and Lewis 
(1939-40) both normal and abnormal pulmonary 
arteries develop in the primitive splanchnic plexus 
described by Brown (1913), according to principles 
of vascular growth formulated by Thoma (1893), 
and Evans (1909). They are induced by the develop- 
ing lung which lies in the neighbourhood of three 
large embryonic arteries, the central aorta and the 
two dorsal aorte. The competition between these 
vessels is usually decided in favour of the ventral 
aorta by the operation of simple mechanical factors 
such as proximity and shift. Occasionally, however, 


the dorsal aorta on one or other side wins the competi- 
tion and ‘ captures’ one or more bulbous tips of the 
developing tree. Such vessels are submitted to the 
same traction as normally inhibits them completely, 
and the result is one of the following :— 

1. Growth without disruption, with the produc« 
tion of arteries of Type I. 

2. Detachment of the captured bulbous tip of 
the developing tree, which survives and grows as a 
sequestrated mass or cyst. 

3. Detachment and death (sometimes death of the 
tip without detachment) with no apparent abnormal- 
ity unless the process occurs in the earliest stages ig 
which event gross pulmonary agenesia ensues. 

The theory not only accounts for lower accessory 
lung, but provides a simple explanation of three 
series of abnormalities—systemic pulmonary arteries, 
pulmonary sequestration, and pulmonary agenesia*— 





Fic. 23.—The developing bronchial tree in human emb 
between 3 and 14 mm. Note how the bulbous tips tend to 
remain approximately the same size. (From diagrams in 
Arey’s Ps: se reduced to the same scale.) 


which may occur on varying scales of magnitude 
according to the time in embryonic life that the 
abnormal blood-supply arises (Figs. 23, 24). More- 
over it can be extended so as to explain the association 
of lower accessory lung and diaphragmatic defects, 
and even the latter abnormalities when present alone. 

Like agenesia pulmonary sequestration may be 
complete or partial. In a case described by Beneke 
(1905) there was sequestration of both lungs: the 
bifurcation was dislocated from the larynx and joined 





* The possibility of traction by abnormal vessels in 
the production of pulmonary agenesia has been previously 
considered because without giving a reference Gruenfeld 
and Gray write : “‘Various attempts to explain the anomaly 
as due to mechanical interference with the growth process 
of the bronchial tree (persistence of embryonic blood- 
vessels, for example) have been discredited by embry- 
ologists” 
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to the lower end of the esophagus. This abnormality 
would result from capture by the abnormal blood- 
supply of the initial bulbous tip at the 3-mm. stage. 
In the case described by Klebs (1874, quoted by 
Gruenfeld and Gray, 1941) there was a similar seques- 
tration of the whole of the right lung, the result of 
capture of the first right bulbous tip at 5 mm. The 
present cases of intralobar sequestration apparently 
originate about the 10-14-mm. stage, because in 
the two examples of Type II the abnormal artery 
supplied the postero-basal sector the primitive bulb- 
ous tip of which arises at about that stage. Lower 
accessory lung probably arises later still when the 
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sequestration are most common in the region of the 
pulmonary ligament. Some cases of lower accessory 
lung, however, occur at a considerable distance from 
the ligament, and some are even found in the abdomen. 
For these outlying cases a considerable increase in 
the attached surface area is required. Abdominal 
cases are associated with attachment to the diaphragm. 
In the early stages of embryonic life the capture of a 
bulbous tip by one of the upper abdominal arteries 
is no more difficult than the same process in the 
lower thorax. 

The reason it is considered that traction by such 
delicate structures as embryonic blood-vessels, which 


Q 


Fic. 24.—Related abnormalities associated with an abnormal blood-supply from the dorsal aorta to the lung at different stages 


in its development :— 
Column I.— 


1. Two abnormal arteries supplying the greater part of the right lung. 


(Eppinger’s case. 


2. Abnormal artery to the greater part of the lower lobe. (Bazts’ case.) 


3. Abnormal artery to right lower lobe adjacent to the pulmonary ligament. 


Column II.— 
. Complete bilateral sequestration. (Beneke’s second case.) 
. Complete unilateral sequestration. (Klebs.) 
. Intralobar sequestration. (Fischer.) 
. Extralobar sequestration of the intermediate type. 


(McCotter’s case.) 


. Extralobar sequestration with congenital defect of diaphragm 


Column III.— 

9. Complete bilateral agenesia. 

10. Complete unilateral agenesia. 

11. Congenital defect of diaphragm without sequestration. 


expanding pleural sacs envelop the pericardium. 
The condition shows a marked left preponderance, 
probably associated with the bulging of the heart to the 
left. Due to this asymmetry, any tendency to increase 
the attached surface area of the developing lung 
would affect the left side more than the right. Whilst 
surface attachment by itself is considered insufficient 
to produce detachment, the development of an 
adventitious blood-supply is possible only where this 
exists. This explains why both intra- and extralobar 


are essentially capillary, can lead to amputation of 
bulbous tips of the developing bronchial tree is that 
the latter are also fragile, being composed only of 
thin epithelium embedded in mesenchyme. The 
interval between the acquisition of the normal blood- 
supply and detachment of the developing bulbous 
tip is uncertain and probably varies. In some of the 
present cases of intralobar sequestration there was 
evidence of long-continued traction after detach- 
ment of the bulbous tip, and it was thought that the 
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intervening cysts in Cases 2 and 3 resulted from tearing 
produced in this way. In ordinary cases of lower 
accessory lung continuation of traction after detach- 
ment does not occur. On the basis of the present 
theory it seems justifiable to assume that the develop- 
mental impotence (i.e., polycystic disease with alveo- 
lar hypoplasia) which is found in many sequestrations 
is the result of partial damage to the developing 
bulbous tip during detachment. Congenital diaphrag- 
matic defects appear to result in the same way from 
ischemic traction on abnormal embryonic arteries 
running from the developing diaphragm to the 


Fic. 25.—Pneumonectomy specimen in Case 1, showing 
gercette disease in upper lobe and apical part of lower lobe. 
¢ abnormal artery runs into a mass of fibrosed lung contain- 


ing bronchial spaces. The normal hilum is indicated by a 


probe. (x 4.) 


developing lung. They also are most common 
toward the pulmonary ligament on the left side. 
They are, however, associated with a lower accessory 
lung only when a detached bulbous tip survives. 
The fact that most diaphragmatic defects are not 
associated with a lower accessory lung indicates that 
these detached elements have probably a low survival 
rate. On the other hand capture of a bulbous tip 
can be multiple as in the cases described by Maugars 
(Fig. 18) and Eppinger (Fig. 24, 1). Detachment can 
also be multiple as in the case described by Cockayne 
and Gladstone in which there were two lower acces- 
sory lungs and an unrelated diaphragmatic hernia, 
which on the present thesis would correspond to the 
detachment of three bulbous tips with survival of 
two of them. The case described by Rusby and 
Sellors reveals a previously unsuspected association 
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between lower accessory lung and pericardial defects, 
which points to the latter also being due to ischemi¢ 
traction upon abnormal vessels to the embryonic lung, 


CASE REPORTS 


Case 1.—Male, aged 33. 

There was a history of lobar pneumonia on three 
occasions between the ages of 12 and 22. He then re- 
mained fit for seven years, but in 1937 was admitted tg 
hospital with an inflammatory condition of the lung. A 
diagnosis was made of cystic disease of the right lung. 

In March, 1940, he was again admitted to hospital og 
account of his cough and sputum. His sputum wag 
purulent and measured 15 oz. It was negative on ail 
occasions for tubercle bacilli. 

In the course of the next few months postural drainage 
was practised and his sputum diminished to 4 oz. The 
vital capacity increased from 1800 to 2200 C.c. 

Six months later there was recurrence of severe cough 
and sputum, with shortness of breath. The general con- 
dition was poor and there were signs of excavation in 
the right lung, with the trachea pulled well to that side, 
Radiography showed displacement of the heart to the 
right side, with cystic disease in the right lung, particularly 
in the upper and middle zones. A bronchogram con- 
firmed the presence of the cysts and showed that there was 
bronchiectasis of the posterior part of the lower lobe 
(Fig. 22). 

Right pneumonectomy was performed in June, 1941, 
Owing to extreme adherence of the pleural layers, the 
operation was one of considerable difficulty and the 
— cavity was contaminated. This resulted in 2 
ater empyema which was associated with fistula formation, 
This dead space showed little tendency to obliterate and 
some months later a two-stage thoracoplasty was pers 
formed. 

On discharge the patient’s condition was quite good 
and he was gaining weight. There was no sputum. 

At the time of operation excessive glandular enlarge- 
ment and pleural adhesions obscured the abnormal artery 
so that this was only seen after the specimen had been 
removed. 

The excised right lung is shown in Fig. 25. The 
abnormal artery entered at the base and supplied a fibrosed 
mass containing bronchial spaces which branched in the 
same direction. The remaining lung showed extensive 
polycystic disease. The communication between the 
bronchial tree and the sequestrated mass (which is shown 
in the bronchogram) was not found by dissection. The 
artery was about 0:45 cm. diam. and very atheromatous. 


Case 2.—Coloured female, aged 5. 

At the age of 2 this child was admitted to hospital 
with pneumonia, which recurred again at the right base 
one month later and again six months later. She was 
kept under observation and re-admitted to hospital in 
June, 1941, with right basal pneumonia which resolved 
to leave a thin-walled cystic area. 

In September, 1942, she was admitted to Harefiela 
in good general condition and without any unusual signs 
in her chest. Radiography suggested a cyst in the right 
base. On bronchography no abnormal bronchi were seen 
though the area of the cyst did not fill (Fig. 26). Vital 
capacity §00 c.c. 

In October, 1942, right lower lobectomy was pef- 
formed. There were many adhesions round the lower 
lobe; the hilum was dissected free and the individual 
elements were ligated. At the lower end of the ‘ pulmonary 
ligament’ a large vessel was found entering the lung. It 
could not be traced to its origin, though this presumably 
was the descending aorta at the level of the diaphragm. 

An hour after operation there were signs of intra- 
pleural hemorrhage. The chest was reopened but no 
gross bleeding point was found. Apart from this early 
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complication, convalescence was straightforward and the 
child has since then remained fit. 

The excised right lower lobe is shown in Fig. 28 
and, in section, in Fig. 27. The mass was polycystic. 
The stem bronchus from which these spaces branched 


Fic. 26.—Lateral bronchogram in Case 2, showing incom- 
plete developement of the bronchial tree in the posterior part of 
the lower lobe. 


began as a blind stem alongside the abnormal artery at the 
accessory hilum. This had a fairly normal structure, 
with cartilages, secreting glands, and muscle. Between 
the mass and the adjacent lung there was a large bullous 


Fic. 27.—Paramedial section of right lower lobe in Case 2, 
showing polycystic nature of the mass, and the bulla between 
this and the rest of the lobe. The cystic spaces are branches 
of the blind bronchus which begins alongside the abnormal 
artery at the accessory hilum. (x 4.) 


cyst which in life was distended with air. The abnormal 
artery was 0:4. cm. diam. It supplied the polycystic mass 
and also the subdorsal and posterobasal sectors of the 
normally connected lung (i.e., it was an example of 
Type Ii). 


Case 3.—Male, aged 12. 
Six months previously the patient complained of 
Severe pain in the left chest associated with a small 


hemoptysis. He was admitted to hospital with signs of 


SEQUESTRATION OF LUNG 25 


consolidation in the left lower lobe. This was confirmed 
by radiography. In the course of a month or two a cystic 
appearance was noted in the region of the apex of the upper 
lobe when the consolidation had cleared. 

On admission to Harefield Hospital his general con- 
dition was good, but there were some basal rales on the 
left side. Vital capacity 2100. Radiography showed on 
the left side a congenital abnormality of the 4th rib, also 
a small cervical rib. There was an abnormality of the 
left mid-zone, possibly cystic dilatation. Bronchograms 
were apparently normal. 

A pneumothorax was induced and the ‘ cyst’ moved 
forward, suggesting that it was intrapulmonary. Thora- 
coscopy was performed and revealed cystic appearance on 
the posterior surface of the lower lobe. The free area of 
the upper lobe was insufflated with iodine and talc powder 
and the air removed. 

On April 19, 1943, left thoracotomy was performed 
and the cysts towards the apex of the lower lobe were 
freed, the aim being to perform a sectal excision of 
the cystic area. It was found, however, that the cysts 
extended well into the lower lobe, and, in consequence, 
a dissection lobectomy was performed. At the lowest 
point of the pulmonary ligament there was a large vessel 
arising from the aorta and entering the substance of the 
lung ; this was secured. ‘The end-result was completely 
satisfactory. 


Fic. 28.—Medial, posterior, lateral, and inferior views of the 
lower lobe in Case 2. The sequestrated mass is stippled. 


The excised left lower lobe is shown in Figs. 29, 30. 
The sequestrated bronchial tree branched in close parallel- 
ism with the abnormal artery. Fig. 29 shows the blind 
stem bronchus at the accessory hilum where the abnormal 
artery entered. Fig. 30 shows its bronchiectatic branches 
with veins crossing at right angles. Between the seques- 
trated and the normal lung there were two groups of 
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aerated ciliated cysts which communicated with branches There were abnormal signs at the left base, with 
of the sequestrated and normally connected bronchial diminished air entry, also cough and purulent sputum. 
trees. Inflammatory changes were slight. In the course of investigations at Highwood Hos ital 
she was bronchoscoped with negative results apart from 
inflammation. Bronchograms done then failed to obtain 


FiG. 30.—Lower lobe in Case 3 lateral to Fig. 29, showing 
mucus-distended branches of the sequestrated bronchial tree 
crossed at right angles by veins going to the normal hilum. 


complete filling of the left lower lobe. She was trans- 

Fic. 29.—Paramedial section of left lower lobe in Case 3. ferred to Harefield Hospital in April, 1944, with what 
a ey Werte at an -_ was thought to be collapse of the left lower lobe since 
trated and normally connected lung is ill defined except where there war a triangular area of density in the left cardio- 
separated by cysts. phrenic angle. Further bronchograms again failed to 
show filling of the lobe (Fig. 19), and the chest was 

aspirated to exclude any fluid in this region. A few 


FiG. 31.—Left lower lobe in Case 4, showing fibrosed mass 


with branches of the abnormal artery. FiG. 32.—The root bronchus of the sequestrated bronchial 


tree in Case 4, showing its division into several branches. This 
is inflamed whilst more distal branches are ectasic. 

Case 4.—Female, aged 9. 

There was a history of whooping-cough at the age of minims of pus were found and rib resection was performed. 
5. When 7 years of age she had a bout of prolonged As a result of this exploration a cavity the size of a walnut 
pyrexia which was said to be due to bronchopneumonia. was found in the lung and owing to the lack of pleural 
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adhesions the lung collapsed. The pleural cavity was 
therefore drained and the lung slowly re-expanded, but 
the ‘lung abscess’ continued to drain. This space was 
re-explored and was found to be actually in the lung. 
Further bronchography showed that the drained area did 
not communicate with the rest of the bronchial tree. The 
instillation of opaque oil into the drainage tube revealed 
a system of branching spaces in the opaque area (Fig. 20). 
The possibility of an abnormal artery with pulmonary 
sequestration was considered. 

Left lower lobectomy was performed and the medias- 
tino-phrenic angle was carefully inspected for the presence 
of an abnormal vessel. This vessel, about 0-5 cm. in 
diameter, was found to be arising directly from the aorta 
at the diaphragmatic opening. The rest of the lung was 
removed by dissection lobectomy and ultimate healing 
was obtained. 

This case has been reported on account of its radio- 
logical interest (Blair et al., 1946). 

The excised left lobe is shown in Figs. 31, 32. In 
Fig. 31 three branches of the abnormal artery can be seen 
embedded in the fibrosed mass. In Fig. 32 the seques- 
trated stem bronchus can be seen dividing. The parallel- 
ism between the artery and the bronchus was very close. 
The mass contained an abscess cavity which was partly 
lined by squamous epithelium, and some of the branches 
communicating with this showed squamous metaplasia. 
There was no communication with the normally connected 
bronchial tree. The abnormal artery was very athero- 
matous. 


Fic. 33.—A sequestrated cyst in left lower lobe in Case 5, 
showing large carina where it divides into branches. 


Case 5.—Male, aged 26. Sailor. 

In 1937 there was evidence of consolidation at the 
left base which resolved, but on radiography there was 
in this region some residual shadowing. 

There was no subsequent chest history until January, 
lent? when there was pain, worse on coughing, in the 
eft lower chest. There was some cough and sputum 
and loss of 7 lb. in weight. Radiography suggested 
enlar gement of the root glands with some possible tuber- 
Culous lesion or consolidation in the left lung. Further 
investigation showed a circular opacity in the left lower 
= €, the diagnostic possibilities being a large primary 
uberculous complex, a tumour, or a cyst. 
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On admission the man was quite fit, complaining of 
slight cough and occasional shortness of breath with some 
pain in the left lung. The only physical sign in the 
chest was a persistent rhonchus in the left axillary line. 

Radiography showed that there was a somewhat 
rounded lobulated opacity in the left lower zone, suggestive 
of neoplasm (Fig. 21). Bronchography showed a certain 
degree of dilatation of the area of the shadow but there was 
no actual filling in this area. Bronchoscopy was negative 
and all examinations for tubercle bacilli were negative. 

In May, 1945, left lower lobectomy was performed. 
The lung was extremely adherent over the fissure and 
diaphragm ; when freed the mass could be felt in the 
substance of the lower lobe and gave the impression of 
expansile pulsation. Arising from the aorta 2 cm. above 
the diaphragm was a large artery, the size of a pencil, 
which rapidly divided at the edge of the lung substance 
into two. This was secured and the hilar elements 
individually divided. Recovery was uneventful. 

The left lobe contained a large cyst at the base em- 
bedded in chronically inflamed lung. This proved to be 
an enormously distended bronchus filled with mucus and 
quite disconnected from the bronchial tree. It branched, 
the giant carina of the first division being shown in Fig. 33. 
It was not possible to follow the branches very far but 
the early branching was in parallel with that of the 
abnormal artery. This entered the lobe by two branches 
opposite the giant carina and the larger branch was 
injected with opaque oil and X-rayed (see Fig. 34). 


Fic. 34.—Case 5. Lipiodol injection of the branch of the 
abnormal artery which accompanies the larger division of 
the branching cyst. 


Case 6.—Male, aged 16. 

This boy had a basal cyst which had been previously 
treated as an empyema. Twice, when it was drained, 
there had been bleeding through both trachea and drainage 
tube. At operation a large elastic artery was seen running 
from the aorta just above the diaphragm and entering the 
base of the lung. 

The excised left lower lobe was occupied by a large 
cyst which had the characteristics of a healed abscess 
cavity. The abnormal artery (indicative of its congenital 
origin) entered the base of the lung at the posterior end 
of the phrenic border. Recurving rapidly, as in Fig. 35, 
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it branched in the wall of the cyst. Normally connected 
lung was confined to the apex and the anterior border, 
amd the hilum was displaced towards the anterior margin. 
The cyst had a lining of respiratory epithelium, and was 





FiG. 35.—Medial aspect of left lower lobe in Case 6, showing 
displacement of hilum towards the anterior border, and entry 
of abnormal artery at posterior end of the phrenic border. 


surrounded by a layer of chronically inflamed lung tissue. 
The internal surface was irregularly trabeculated, as in 
Fig. 36. There were a few communications with the 
bronchial tree. (These were not found at first but were 
presumed to exist on account of the symptoms). The 
cyst at one time may have been similar to that in the 
preceding case. 


Case 7.—Male, aged 59. 

This patient had a five years’ history of cough and 
sputum following osteomyelitis of the femur. This was 
treated as bronchiectasis, and temporary improvement 
was obtained by penicillin instillation. At operation a 
large artery was seen coming from behind the pericardium 
in relationship with an appendage of the lower lobe 
which extended into the mediastinum. 

The mass was not distinguishable except by its slight 
projection from the posteromedial aspect of the lobe. 
Both it and the adjacent lung were fibrosed and contained 
irregular intercommunicating spaces which appeared to 
be abscess cavities with a ciliated epithelial lining. The 
abnormal artery supplied not only the mass, but also the 
diseased lung connected with the posterobasal bronchus. 
It entered at the posterior end of the lower border where 
there were some lymph-glands, and was grossly athero- 
sclerotic and calcified. 


Case 8.—Female, aged 40. 

Twenty years ago there was an inflammatory condition 
of the left lung which resulted in the formation of an 
“empyema”. This was drained by rib resection and 
the empyema discharged for the best part of a year. The 
tube was then removed and the external opening closed. 
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This resulted in the patient coughing up a quantity of 
purulent sputum for six to nine months, after which the 
condition subsided. Eighteen years later she again had 
an acute inflammatory condition in the lower part of the 





Fic. 36.—Paramedial section through large cyst in Case 6 


showing irregular trabeculation of wall. A vein in trabeculum 
XX runs into the vein V in Fig. 35. A posterior branch of 
dorsal bronchus D communicated with upper part of cyst. 
The cyst came close to the medial surface and was ruptured 
at R. Fig. 36 was originally drawn on the back of Fig. 35 as 
a transillumination diagram. 


left chest, which was thought to be a recurrence of empyema 
associated with bronchial fistula. She was coughing up 
a quantity of purulent sputum and was at this time 
extremely ill. The collection of pus was then re-drained, 
but there was no alteration in the size of the dead space. 

It was then recognised that the condition was a cystic 
one and the possibility of association with an abnormal 
pulmonary artery was recorded. 

Operation: Left lower lobectomy. An extremely 
adherent lower lobe was encountered and the cyst was 
resected with some difficulty on account of the adhesions. 
At the base of the pulmonary ligament in the middle of 
dense adhesions there appeared to be a definite vessel 
entering the lung and arising from the aorta. In view 
of the prolonged infection the dead space was drained. 
This slowly but steadily obliterated. 

In this instance the condition was originally thought 
to be a localized empyema, but the fact that in spite of 
drainage there was no alteration in size was suggestive 
of it being a pulmonary cyst. Also, the diaphragm on 
which the lower part of the cyst rested was depressed 
rather than drawn up as would have been the case if the 
infection had been a pleural one. 

This was the latest case in the series and the pre-opera- 
tive diagnosis of cyst with associated abnormal pulmonary 
artery was made with some degree of confidence in the 
light of our experience with former cases. ; 

The specimen in this case differed from the others 
that the lesion was excised without removing the whole 
lobe. It consisted of an irregular mass (10 x 9 X 43 cm.) 
containing a cyst about 8 cm. in greatest diameter. This 
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was surrounded by chronically inflamed lung, and the 
surface was ragged from adhesions. The cyst was torn 
in several places, had a lining of ciliated epithelium, and 
was trabeculated. It appeared to be an epithelialized 
abscess cavity which had begun as a much smaller struc- 
ture. The reason for assuming this was that the abnormal 
artery was smaller than in the other cases, being only 
about 2 mm. in diameter. 


SUMMARY 


Eight examples of a complex congenital condition 
are described. 

The abnormality consists of :— 

1. Ananomalous artery arising from the aorta close 
to the diaphragm, and entering the base of the lung. 

2. An ectopic, sequestrated, or dislocated mass 
of lung supplied by the abnormal artery. 

The artery is elastic in structure and is a pulmon- 
ary vessel though arising from the aorta. It may be 
of considerable size and is liable to injury at opera- 
tion if the region of the pulmonary ligament is not 
carefully inspected before division. Hamorrhage in 
this area is difficult to control. 

The dislocated mass of lung may be excluded 
from the normal bronchial tree, though communica- 
tion may exist as a result of developmental ‘ traction’ 
or ulceration. It is liable to infection, which simu- 
lates ‘ pneumonia’ or various forms of suppuration. 

Diagnosis, prior to operation, is difficult, though 
radiological examination, particularly bronchography, 
may suggest the possibility of its presence. 

The condition may be recognized at operation, 
which is usually undertaken for supposed bronchiec- 
tasis, cystic disease, or empyema. Occasionally the 
condition is only identified on pathological examina- 
tion. Surgical excision is the appropriate treatment 
in view of the tendency to infection. 

A description is given of the eight cases and the 
theories of development are discussed. 


We are indebted to Mr. Vernon C. Thompson 
and Mr. A. L. d’Abreu for permission to include their 
cases, which are respectively numbered Cases 7 and 6. 
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The photographs of specimens were made by 
Mr. W. Pereira, and the radiographs by Mr. A. W. 
Holder. 
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THE CUT FLEXOR TENDON 
EXPERIENCES WITH FREE GRAFTS AND STEEL WIRE FIXATION 


By WING COMMANDER J. B. KINMONTH, R.A.F.V.R. 


LATE RESIDENT ASSISTANT SURGEON, ST. THOMAS’S HOSPITAL 


THE repair of severed flexor tendons of the hand has 
been notorious for many years as a difficult surgical 
problem. Some surgeons have even stated that 
successful repair is impossible when a flexor tendon 
is cut within its course through the digital sheath. 

Several new principles have been enunciated and 
new technical measures described in recent years. 

The excellent experimental work of Mason and 
Allen (1941) on the histology of tendon healing has 
established that early movement leads only to 
increased reaction and adhesion formation, or even 
to non-union through cutting out of the sutures from 
softened tendon ends. 

It is useless to regard the procedure as a minor 


_ one: repair of the cut flexor tendon must be regarded 


as a full-size problem. Nor must success be expected 
in a short period. Time is the surgeon’s ally and 
many sutured tendons slow to show results in the early 
stages may be found to achieve a remarkable range of 
movement when reviewed a year after operation. 

Bunnell (1940, 1941) is responsible for the intro- 
duction of the use of stainless steel wire, which, 
owing to its lack of irritation in the tissues, can 
provide a means of internal fixation whereby union 
can be assured with a minimum of foreign body 
reaction and scar-tissue formation. 

Koch (1944) has constantly stressed the import- 
ance of atraumatic and accurate operative technique 
in avoiding the formation of scar tissue and adhesions 
around the repaired tendon. 
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It is not intended in this article to discuss at 
length the theoretical considerations of the subject. 
They have been adequately dealt with by the authors 
already mentioned and also discussed recently in 
another publication (Kinmonth, 1944), where it 
was pointed out that flexor tendons require about 
three times the amount of sliding motion of extensors 
in moving joints the same amount, and consequently 
must have a proportionately greater freedom from 
adhesions. 

The achievement of ‘union with mobility’ is 
the main principle of all these measures. 

It is proposed here to describe the management 
of twenty-one flexor tendons, cut within or just 
above the digital sheath, which have been followed 
up for periods of six months to two years. Opera- 
tive technique is described and the results analysed, 
reasons for success or failure being discussed. 
Photographs of some results are included, but space 
does not allow all to be thus presented. 

The methods used for flexors have also been 
applied to the treatment of suitable cases of cut 


A 
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b. A free graft, usually of palmaris longus, should 
be used for all cases of flexors cut within the digital 
sheath. The remnants of the severed tendons lying 
within the digital sheath are removed and the 
graft inserted into the resulting tunnel so that it 
extends from the distal phalanx (where it is attached) 
up as far as the middle of the palm, where it is 
anastomosed to the proximal portion of one of the 
cut tendons. This procedure ensures that new and 
intact tendon passes over the digital pulleys and that 
the anastomosis itself lies above the digital sheath, 
in the palm, and therefore need not run through the 
pulley mechanism (Fig. 37). 

It is unnecessary to use a graft for cases where 
the profundus tendon is severed very near to its 
insertion—e.g., opposite the distal interphalangeal 
joint—because it is usually possible to draw the 
tendon down and ‘ re-insert ’ it by attaching it to the 
distal phalanx. Nor is it necessary to use a graft 
in those cases where the tendon is severed in the 
palm in the interval between the digital sheath and 
the ulnar bursa. Suture and fixation with wire are 
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Fic. 37.—A, Repair in digital sheath; B, Graft with anastomosis in palm. 


extensor tendons. The experience gained with 
these, particularly in the use of steel wire, helped in 
treating the more difficult flexors. It is not, how- 
ever, proposed to deal with extensor tendons in this 
article. 


DESCRIPTION OF TECHNIQUE 


Choice of Procedure.—The individual cases 
described in this series do not give an entirely accur- 
ate representation of the circumstances under which 
different operative techniques would be chosen. 
Experience has led to modification of views as to 
when different measures such as grafting, wire 
fixation, or secondary suture are indicated. The 
chief of these conclusions are stated below :— 

a. Primary suture is indicated only under very 
exceptional circumstances. Its chief advantage is 
to save the patient time. When operation is possible 
within four hours of a clean cut and a graft is not 
considered necessary, primary suture of the tendon 
may be performed. 

The majority of cut flexors should be dealt with 
as an elective procedure after healing of the wound 
and adequate preparation. This is particularly so 
if a graft is to be used. 


here quite sufficient as the anastomosis is going to 
lie in the position of choice, where it will not have 
to run over any pulleys. If, however, there is actual 
loss of some length of tendon, or a previous operation 
has failed, a graft may be necessary. 

c. Internal fixation of the anastomosis with fine 
stainless steel wire is dealt with more fully under the 
description of operative technique. It relieves 
tension at the suture line by counteracting the 
constant pull due to the tone of the muscle belly. 
It is stronger for its diameter than any other suture 
material and causes less reaction in the tissues, so 
that union is assured with a minimum of adhesions 
around the anastomosis. It can be so arranged 
that it may be removed after union has occurred. 

Almost every case of flexor suture benefits by 
its use but most of all when secondary suture is 
performed in a case with marked retraction of tendon 
ends and a consequent tendency to tension at the 
suture line after the anastomosis has been made. 

d. Other factors which make success unlikely and 
indicate the use of some more simple procedure, such 
as amputation or arthrodesis, are: pre-existing joint 
stiffness, advanced age of patient (old joints stiffen 
rapidly when immobilized), and unco-operative 
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mentality or lack of intelligence which makes post- 
operative physiotherapy difficult. 

Only broad rules can be laid down as every 
tendon problem is an individual problem and must 
be so treated. 


PRE-OPERATIVE TREATMENT 


When secondary suture is the procedure of 
choice, the original wound is excised secundem artem, 
leaving the tendon itself unsutured. 

In due course active exercises are given to neigh- 
bouring joints and gentle passive movements to the 
affected ones. In most cases the patient is ready 
for operation three weeks after the injury. The 
skin of the hand and forearm is shaved, cleaned, 
and prepared with spirit for forty-eight hours before 
operation. 

Should sepsis have followed the initial wound 
excision, the secondary operation is not proceeded 
with until several weeks after infection has been 
eliminated. 


OPERATIVE TECHNIQUE 


General.—Some general points will be first 
described. 

1. A bloodless field is essential and is obtained 
by the use of an Esmarch bandage to exsanguinate 
the limb and a blood-pressure cuff pumped up to 
200 mm. Hg. It is essential to apply the cuff care- 
fully so that it lies evenly upon the limb without any 
folds or ridges. No untoward results have been 
observed by leaving this on for periods up to four 
hours, in adults. 

2. All incisions in the palm or fingers must be 
‘ physiological ? ones, usually transverse and in line 
with the skin folds. They should be long enough 
to give adequate exposure and no more. If it 
should be found necessary to enlarge an incision in a 
longitudinal direction, this should be done from one 
end of the original incision so that it becomes 
L-shaped and so that a median longitudinal incision 
in the finger is avoided. An additional small trans- 
verse incision at a different level is nearly always 
better than vertical enlargement. 

3. ‘No-touch’ technique should be followed. 
Frank suppuration will ruin the result, but even mild 
inflammation by the production of extra scar tissue 
will interfere with the mobility of the tendon. For 
the same reason, handling of tissues must be as gentle 
as possible. | 

4. Wire should be handled with the tips of dis- 
secting forceps covered with rubber. Kinks in the 
wire must be avoided as they make it impossible 
to withdraw it when its work of fixation is complete. 

5. A small ‘ finger-board’ on to which the un- 
affected fingers are extended with rubber bands 
and held out of the operator’s way releases the 
attention of the assistant for more useful work. 

_ Operation Steps.—The steps of a grafting and 
wire fixation operation for a flexor tendon cut in its 
digital sheath will now be described :— 

I. A longitudinal incision is made in the forearm 
overlying the palmaris longus tendon. This is 
removed in its entirety along with its ‘ paratendon ’, 
Which is the surrounding areolar and connective 
tissue in which the tendon normally slides up and 


down in the forearm. The paratendon enables the 
graft to be handled without damage to its smooth 
surface and supplies a medium which helps in its 
revascularization and in the formation of a new 
gliding sheath. The graft, wrapped in saline- 
soaked gauze, is set aside until required, and the 
skin incision in the forearm closed. 

2. An inverted L-shaped incision is now made 
over the insertion of the profundus tendon and the 
distal portion of the cut tendon removed. 

3. Overlying the course of the affected tendon 
in the palm, an incision is made, near or actually in 
the middle skin crease, about I cm. in length. 
Through this incision the proximal portions of the 
affected tendons are drawn out. These are almost 
always adherent in the sheath at their original point 
of injury and can be most easily freed by means of the 
ingenious tendon strippers devised by Furlong, or a 


smaller modification thereof (Fig. 38). 
SECTION PA 


\\, 
oS. 
Fic. 38.—Tendon stripper used for removal of damaged 
portions of tendons from the digital sheath. An instrument 


slightly smaller than the two standard manufactured sizes 
is most useful. " 
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The sublimis tendon should always be removed, 
whether severed or not. In most cases it has sus- 
tained some damage, usually near its insertion and 
this makes removal easier. Through the palmar 
incision the portions of both sublimis and profundus 
tendons lying distal to the incision are removed with 
the stripper. 

The upper part of the sublimis tendon is cut 
short and allowed to retract upwards. The upper 
part of the profundus tendon is later trimmed to a 
suitable length for anastomosis with the graft. 

4. Preparation of tunnel and insertion of graft. 
There is often a stricture at the site of the healed 
original cut in the digital sheath. If so, it is gently 
dilated with urethral bougies or a Harrison’s whip, 
taking care to avoid overstretching or making a false 
passage. A probe is passed through the tunnel from 
palmar to finger-tip incision and a length of strong 
silk drawn through. This part of the operation 
requires some patience, but it has never proved 
impossible to pass an instrument through the site 
of scarring. Any ‘open’ attempt to clear the way 
by direct excision with the knife is unnecessary and 
to be deprecated. The graft has the silk knotted 
very tightly and very close to one end and is gently 
manipulated into place in the tunnel. 

5. The distal end of the graft is secured to the 
remnants of the original profundus insertion on the 
distal phalanx with two or three silk stitches. 

6. The next step is the anastomosis between 
graft and tendon through the palmar incision. This 
is done with 35 or 40 S. W. G. stainless steel wire, as 
described by Bunnell (1940, 1941) (Fig. 39). The 
wire, as well as helping to maintain apposition be- 
tween ends of graft and tendon, ensures union by 
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taking the strain of the tone of the muscle off the 
anastomosis. Final accurate apposition in the anas- 
tomosis is made with one or two very fine silk or 
thread (160 Stiles) sutures. 

It is best to insert the wire in the proximal portion 
of the tendon first. It is drawn well downwards to 
do this and the stitch made with No. 6 curved cutting 


PULL-OUT STITCH 


SKIN SUTURES 
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8. Alternative Procedures.— 

a. ‘ Proximal’ fixation with wire. The wire 
may be inserted in the tendon in the forearm right 
above and away from the anastomosis, which has 
consequently even less reaction around it. The 
arrangement of pull-out and fixation stitches are the 
same as described above, but of course the wire does 


FIXATION POINT 
(WIRE TIED OVER RUBBER) 


SITE OF ANASTOMOSIS 
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Fic. 39.—Diagram to show internal wire fixation; A, Layout at end of operation; B, Shows how ‘pull out ’ is looped through 
‘ fixation ’ stitch (magnified detail of (A)); C, At end of three weeks elastic traction is applied, with distal end of fixation stitch secured. 
Two or three days later when the wire traversing loops are relatively straight the fixation point is removed and traction continued 


until all the wire is out. 


‘eye’ needles with one on each end of the wire. A 
Kilner needle holder is useful. All handling of the 
tendon ends is done on their terminal 4 cm., which 
can finally be trimmed off. The ‘ pull-out’ stitch 
(which is looped through the fixation stitch as shown 
in Fig. 39) is brought out through the skin some 
3 cm. above the palmar incision on a long straight 
needle with both ends of the pull-out stitch through 
its eye. 

The fixation stitch is next made to traverse the 
graft and the two ends brought out through the skin 
2 or 3 cm. below the palmar incision. After inserting 
one or two fine thread apposition stitches in the 
anastomosis and covering it snugly with paratendon, 
the ends of the fixation stitch are knotted over a 
small piece of rubber-covered match-stick on the 
skin. (The fixation point is shown in Fig. 39.) 

Best results are obtained if tendon and graft are 
left of such length that the finger and wrist joints are 
somewhat flexed when the anastomosis is complete— 
i.e., so that there is a moderate amount of ‘ short- 
ening ’. 

7. Skin incisions are accurately closed with inter- 
rupted steel or silk stitches. The tourniquet is 
released, and when reactive hyperemia and oozing 
have ceased, flavine and paraffin gauze and a wool 
pressure dressing are applied. A dorsal plaster 
splint holds the finger and wrist in midflexion. 


not pass through the anastomosis. This method is 
applicable whether a graft is used or not and was 
responsible for one case of successful intrathecal 
suture without a graft (Case 10). 

b. ‘ Local’ wire fixation and no graft. This is 
indicated for flexors cleanly cut in the palm just 
above the sheath. If there is much loss of tendon 
substance the use of a graft is necessary. 


POST-OPERATIVE TREATMENT 


1. The limb is elevated for a few days after 
operation. The patient usually leaves hospital after 
a week.. 

2. Removal of wire fixation stitch. Three weeks 
after operation the patient is re-admitted. Skin 
stitches are removed. Continuous traction exerted 
by an elastic band is applied to the pull-out stitch. 
The fixation stitch is left secured at its lower end for 
the first day or two, in order to stretch the traversing 
loops of wire in the tendon and enable them to slide 
out more easily (see Fig. 39). The lower end of the 
fixation stitch is then released by cutting off flush 
with the skin and traction continued until all the 
wire is out, usually in three or four days’ time. 

3. Physical treatment: After removal of the fixa- 
tion stitch the patient is allowed to use his hand, but 
is not given any active exercises to the affected finger 
and is told to forget about it as far as possible. Six 
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weeks after operation active exercises, including move- 
ments in hot wax baths, are commenced. The 
affected finger thus has three weeks’ complete 
post-operative immobilization and then three weeks 
of partial immobilization, followed by unrestricted 
active use. 


series except for Case 6, in which three operations 
were performed by Mr. A. G. McPherson. 

Palmaris longus was used for all grafts except 
one (Case 2), where the tendon of flexor carpi radialis 
was used because no palmaris tendon existed in 
either forearm. 





A | B 


Fic. 40.—Case 5. Result of operation. 


Cc 


Secondary suture of F. P. L., severed within the digital sheath. Local wire fixation used. 


A, Extension; B, Interphalangeal flexion; C, Interphalangeal and metacarpophalangeal flexion. 





A 


Fic. 41.—Case 6. Results of operations. 





B 


This patient cut deep and superficial flexor tendons of both index and middle fingers 





in the palm. Primary suture of each profundus was carried out with silk. Non-union occurred in the middle finger, and secondary 
suture using a graft and local wire fixation had to be carried out ‘later. A, Extension; B, Interphalangeal flexion; C, Fist. 





Active range is usually perceptible in the inter- 
phalangeal joints in the third month after operation. 
Progress then goes on steadily. It is extraordinary 
how long improvement goes on in these cases and 
Progress may still be observed after many months 
in cases which are initially slow. 


DISCUSSION OF CASES 


__ The series analysed in Table I consists of 18 cases 

In which 21 operations of tendon suture were per- 

formed at St. Thomas’s Hospital. It is a personal 
VOL. XXXV—NO. 137 





Cc 
FIG. 42.—Case 9. Result of operation. Secondary suture with local wire fixation of F. D. P. of index cut in the palm. 
A, Extension; B, Interphalangeal flexion; C, Fist. 


In all the later grafting operations the flexor 
sublimis tendon was removed from the flexor tunnel, 
even in cases where it was still intact. This made 
the introduction of the graft much simpler and 
subsequently allowed it greater freedom. | 

The percentage figure given for each patient under 
‘ Degree of Recovery ” is an attempt to assess return 
of power and range of movement in one figure: it 
would undoubtedly have been better in several 
patients were it not for interference with post- 
operative physiotherapy by the bombardment of 
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London. Degree of recovery is assessed independ- 
ently of any ‘trick’ movement which the patient 
may use (usually in the early stages of treatment) 
to help flex the affected finger with the sound ones. 

The patient (Case 14) on whom two operations 
were performed cannot be very strictly compared 
with the remainder as a considerable amount of 
fixed flexion was present in the joints before the 
accident and the patient’s mentality was very poor. 





A 


Fic. 43.—Case 16. Result six months after operation. 
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suture are extremely rare. No figures at all could 
be found for the older techniques such as those 
involving heavy suturing and early movement. 

With modern methods O’Shea (1939) obtained 
65 per cent of good results in 45 cases. Failures 
were attributed to suturing both deep and superficial 
flexors inside the digital sheath. 

Miller (1942), with results assessed in a manner 
very similar to this series, obtained 42 ‘good’ 





Secondary suture with local wire fixation and graft for F. D. P. of middle 


finger cut within the digital sheath. A, Extension; B Interphalangeal flexion; C, Fist. 
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Fic. 44.—Case 18. Result of operation. 
within the digital sheath. 


Although a disappointing range of interphalangeal 
movement was attained, the fingers were ultimately 
strong and useful. Under normal circumstances 
grafts would have been used for tendons cut at this 
site. 

Review of Failures.—Case I was an early case 
which would probably have done better with a graft. 
Amputation of the end phalanx was ultimately 
necessary. 

Case 6: Local wire fixation of the middle finger 
would probably have ensured union at the first 
operation and made unnecessary the later (successful) 
grafting operation. 

Case 7: Came to amputation. Great difficulty 
was experienced in placing the graft under the 
intact sublimis, which should have been removed. 

Case 10: The only one where no definite avoid- 
able reason for failure could be found. 

There were thus 4 failures in 21 operations. 
With further experience three of these could probably 
have been avoided. 

Comparison with Other and Older Methods. 
—Although the literature on tendon suture is plenti- 
ful, adequately followed up series of cases of flexor 





B 





Cc 


Secondary suture with local wire fixation and graft for F. D. P. of little finger cut 


A, Extension ; B, Interphalangeal flexion; C, Fist. 


results in 58 cases of cut digital flexors. The tech- 
nique employed included such points as use of 
bloodless field, physiological incisions, gentle hand- 
ling of the tissues, and adequate post-operative 
splinting. Suture was with silk. Steel fixation or 
grafting was not used. 


CONCLUSIONS 


The cases described here and the series reviewed 
show that successful flexor tendon suture is possible 
in a reasonable proportion of cases even where the 
injury lies within the bounds of the digital sheath. 

It is advisable for as many of these operations as 
possible to be relegated to one particular surgeon 
in a hospital, as the necessary technical refinements 
require practice and experience for their mastery. 


SUMMARY 


Reference is made to the physiological, experi- 
mental, and mechanical theory on which modern 
technique in tendon suture are founded. 

The essence of the problem is to achieve union 
with mobility. 

Operative technique is described. 
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OBSERVATIONS ON THE TREATMENT OF TRAUMATIC INJURIES 
OF PERIPHERAL NERVES* 


By SYDNEY SUNDERLAND 


DEPARTMENT OF ANATOMY AND HISTOLOGY, UNIVERSITY OF MELBOURNE, AUSTRALIA 
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THE observations here recorded relate principally In other papers the injuries to individual nerves 
to the relative merits of the conservative and radical will be considered in detail; in the present report 
treatment of the injured section of a peripheral the writer is desirous of providing a record of the 
nerve. The material on which they were made results of the conservative approach as compared 
comprises 339 cases of nerve injury in 294 patients: with other methods. These records are probably t 
the nerves injured were the brachial plexus, radial, unique since most of the investigators in other b 
median, ulnar, sciatic, medial popliteal, and lateral peripheral nerve centres prefer to explore early I 
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popliteal. These injuries have been investigated where interruption of conduction is complete. 


over the period 1941-6 at an Australian Military Definitions.—Before proceeding with the sub- 

Hospital and at the Repatriation Clinic, Melbourne, ject-matter of this report it is necessary to define p 
and their relative incidence and distribution have certain terms of which frequent use will be made. ‘“ 
already been reported (Sunderland, 1945). The Complete and Partial Lesions: ‘These terms “ 


patients have now been under observation for such denote complete and partial interruption of conduc- 
periods as to exclude the necessity for any further tion as ascertained by clinical examination ; they do te 
operative treatment so that the figures reported may not mean complete or partial severance of the nerve. ‘ 
be regarded as final. Several lesions have been classed as partial which, a 

In general, patients who sustained peripheral from a study of the entire regenerative process, were th 
nerve injuries in the early Middle East campaigns probably complete, but which presented some ‘ 
were repatriated as soon as possible to a Base hospital evidence of conduction when first examined several th 





in this country. Because of the delay incurred in weeks after the injury. In the absence of informa- de 
awaiting transport, together with the time taken on tion relating to the original nature of the lesion, ‘ 
the voyage home, many of them did not come under however, it was not permissible to assume that it : 
observation until a considerable interval had elapsed had been complete. le 
after the injury. In many of these early cases Conservative Treatment: This implies the use of Fj, 


spontaneous regeneration commenced comparatively non-operative measures which were followed by re 
late and proceeded in a large proportion to complete either complete restoration of function or recovery os 
recovery. These results indicated a conservative sufficiently advanced to contra-indicate exploration 

basis for the treatment of later cases, in which early of the nerve. This does not apply to the plexus 
operation was avoided except when the nerve was lesions where the extent of the recovery has been 
known to be severed. These were repaired as soon’ given in general terms only—details will be provided 

as local conditions became favourable. If the in a communication devoted to those injuries. 

anatomical condition of the nerve was not known, The extent and character of the recovery after 
however, it was given every opportunity to recover conservative treatment is of considerable importance, F ha 
spontaneously before it was explored; in general, since it would be justifiable to withhold exploration F te. 
exploration was not contemplated within six months _ only if the result were superior to any which surgical erc 
‘of the injury. Such a policy was supported by the repair could offer. This is not the place, however, 
observations of Tinel (1917), Benisty (1918), and for a detailed discussion of the end-results—thes¢ 
Foerster (1929), who found that the majority of will be provided in subsequent papers. For the 
nerve lesions recover spontaneously and show some _ purposes of the present discussion it is sufficient to 
signs of regeneration within six months. state that the recovery following conservative treat- J tra; 
ment was, with two possible exceptions, complete 
* Work carried out with the aid of a grant from the OF unquestionably superior to that which could be F cor 


National Health and Medical Research Council of expected from surgical repair under the most} wo 
Australia. favourable conditions. etc, 














54. 


ves 
ort 
the 
red 
bly 
her 
arly 


ub- 
fine 


rms 
juc- 
do 
rve. 
ich, 
vere 
ome 
eral 
ma- 
ion, 
it it 


e of 

by 
very 
tion 
eXUS 
seen 
ided 


after 
nce, 
tion 
gical 
over; 
hese 

the 
it to 
reat- 
plete 
d be 
most 











Latent Period: ‘This represents the interval 
between the date of the injury and the first appear- 
ance of spontaneous motor or sensory recovery after 
complete lesions. Details of the latent period in 
these cases are provided in Table V. Because 
patients were not always available at critical periods 
during regeneration, an accurate estimation could 
not be given in every case. In these cases the last 
date when the muscle or cutaneous area was known 
to be paralysed or anesthetic and the date when 
recovery was first detected have been given. Thus, 
two readings in the table, for example, 
I to 9, signify that the nerve was known 
to be completely paralysed at one week 
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OBSERVATIONS ON INDIVIDUAL 
NERVES 


The figures in Tables I-III and V-VII represent 
the number of cases, and in Table IV the percentage 
incidence. The percentages have been given to the 
nearest whole figure, which accounts for any slight 
discrepancy in cross-references. 

Brachial Plexus.—The majority of the lesions 
recovered spontaneously and in many of the severe 
injuries recovery was surprisingly good (Table I). 


Table I.—LESIONS OF THE BRACHIAL PLEXUS 











and recovery was first noted at nine weeks 





























but no information was available regarding CONSERVATIVE | DELAYED EXPLORATION 
the intervening period. A negative read- 
ing, for example, 11—, means that the — plang ppocanb — Recovery | In Continuity 
latent period was less than eleven weeks ; | 
the lesion was originally reported as Good | Fair | Tittle | Recovery | pNO 
complete, but recovery was evident on ase ere 
admission to the clinic eleven weeks after i 
the injury. a ey gull 

Irreparable Damage: A nerve recorded Mild I 
as irreparably damaged was one which ‘Complete or severe P ‘ , 
could not be repaired. Mild sail I 

Immediate and Delayed Suture: In Such if bone injury— ; x | 
the tables no distinction has been drawn Mild 2 I | 
between immediate and delayed suture. "Pes dilaaillas ; , ‘ | 
Immediate suture was performed in only | 











4 cases of gunshot wounds, in all of 


Cervical rib, 4—all relieved by operation 





which the severed ulnar nerve was seen 
at the time of injury; in all the 
other cases of immediate suture the wound was not 
caused by a projectile. 

Neurolysis: When exploration revealed a nerve 
in continuity treatment was confined to freeing the 
nerve from any surrounding scar tissue. The value 
of neurolysis is controversial—in only one case in 
this series were conditions such that the subsequent 
recovery could be attributed, partly or wholly, to 
this procedure. In the cases in this group listed 
in Table II under ‘ no recovery’ the exposed nerve 
appeared normal. In the absence of any recovery 
subsequently it can only be surmised that the nerves 
had been subjected to an irreparable intraneural 
injury—their appearance at operation certainly 
hh. any further surgical treatment impracti- 
cable. 


TYPES OF INJURY RESPONSIBLE 
FOR THE NERVE LESIONS 


For purposes of comparison the nerve lesions 
have been classified, on the basis of the agency 
responsible for the lesion, into the following three 
groups :— 

I. Lesions due to gunshot injuries :— 

a. Causing injury to bone. 

b. Not causing injury to bone. 

2. Lesions associated with lacerations and pene- 
tating injuries other than gunshot wounds. 

3. Lesions due to miscellaneous causes such as 
Compression, burns, and injuries (other than gunshot 


wounds) causing simple and compound fractures, 
etc, 


The terms complete, severe, and mild refer to the 
degree of motor and sensory loss in the involved 
portion of the plexus. A surgeon’s opinion was 
obtained in every case in which spontaneous recovery 
was negligible, but in 2 only was exploration thought 
advisable. 

Radial Nerve.—Sixty-three lesions of the radial 
nerve are analysed in detail in Tables II-VII. One 
patient with a complete lesion was transferred to 
another State and has not been traced. 

In 45 patients the nerve recovered spontaneously 
without exploration. In 2 a severed nerve was 
sutured immediately following the injury. A further 
15 were explored and of these § were sutured, 2 
grafted, 6 subjected to tendon transplantations 
owing to irreparable damage of the nerve, and 2 
were in a state of continuity which did not call 
for repair. The 2 grafted nerves and 2 of those 
sutured did not recover and ultimately required 
tendon transplantation. The end-result in the 
seventeen explored nerves was: Sutured with 
recovery, §; in continuity with recovery, 2; and 
irreparably damaged, ro. 

Posterior Interosseous Nerve.—Of 7 lesions 
of the posterior interosseous nerve, 4 recovered 
spontaneously and 2 were explored and sutured (see 
Tables II-VII). In the remaining case exploration 
was undertaken to ascertain the cause of a persistent 
and severe paresis of the extensor digitorum 
communis which had developed suddenly several 
years after a closed fracture of the upper-third of the 
radius. The nerve was in continuity but was 
displaced, thinned, and caught in fibrous tissue ; 
in view of the unimpaired function in the remaining 
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muscles neurolysis only was performed. The 
muscle showed no improvement at the last examina- 
tion sixteen weeks after the operation. The end- 
result for one of the sutured nerves has been excellent, 
and in the other, which failed to recover, appropriate 
tendon transplantations have been carried out. 
There was full spontaneous recovery in three cases 
of gunshot injury with fracture of the upper-third 
of the radius. 

Median Nerve.—Of 67 injuries of the median 
nerve 44 did not require exploration (see Tables 
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II-VII). There were 6 immediate sutures; 14 
others were subsequently explored, and of these 8 
were sutured, 5 were in a condition which did not 
call for repair, and in 1 case the nerve was irreparably 
injured. Ina further 3 cases exploration was recom- 
mended, but was not performed. 

Ulnar Nerve.—lInformation relating to lesions 
of the ulnar nerve, of which there were 106, is 
provided in Tables II-VII. One patient with a 
complete lesion was returned to duty and has not 
been traced. 





































































































Table II. 
RECOVERY COMPLETE OR SUF- 
FICIENTLY ADVANCED TO EXPLORATION OF THE NERVE 
CONTRA-INDICATE EXPLORATION 
CONDITION OF THE NERVE For EXAMINATION AND REPAIR WHERE INDICATED re 
» 
ene : | Pinto. Condition of In Continuity. 1°) Z 
AND Anatomical tina’ Nerve before Neurolysis z | 0 
8 Exploration | 3 Only go] < 
—————_—————— S Leal 
INFURY , |Observed in " m —E ~ |y ids, 2/3 
| Continuity; ” S 2 Eg | —5 Pes 2 2 | se] & a 
§ | imWound) 2 | Selag| = | 2B] & | 88| 8 | ese) 8 | F | Be) 2 | 3 
———-— | an Qe | fe “eh 5 aR > | Suan V3 ps O 
~lajale| e8|se/2 | eB] &/ 8s! 8 sage) 2 | SO | ba) Ale 
Es: E ° ore Aad on ~] = = ev % e s ie} 
38) & Z O q Sik % | of eA | 
Bai x 4 Ze cd 
BE | 4 | 
Radial— | 
G.S.W. + bone 18 18 16 2 10 2 8 I 2 2 5 
injury (1 not 
traced) 
G.S.W. 12 3 I 8 12 2 2 2 
Simple fracture 4 4 4 I I I 
Laceration I I I 4 2 2 3 I 
Compression 10 10 8 2 
Total 45 3 I 41 41 4 17 4 13 2 7 2 6 
Posterior inter- 
osseous—— 
G.S.W. + bone 4 4 4 I I I 
injury 
G.S.W. I I I 
Tension I I I 
Total 4 | | 4 4 3 3 I 2 
Median— | 
G.S.W. + bone Io | I 9 5 5 5 5 I I 
inju: 
G.S.W. 24 2 22 14 10 5 5 I 2 2 
Laceration 2 I I I I 12 6 I 9 
Miscellaneous 8 8 3 5 I I I 
Total 44 3 I 40 23 21 23 6 17 3 5 14 I 
Ulnar— 
G.S.W. + bone 14 2 12 8 6 10 8 2 7 I 
inju 
G.S.W. 19 2 I 16 II 8 II 5 3 8 3 
Fractures about 15 
the elbow-joint 
Laceration (I not 3 I 2 3 II 6 5 I 9 I 
traced) 
Miscellaneous 14 14 r 13 2 2 2 3 
Total 50 5 I 44 23 27 34 14 20 6 26 2 21 
Sciatic (one or both ! 
divisions) — 
G.S.W. + bone 5 5 5 9 I 3 2 3 I 
ow 
-5.W. 22 2 2 18 19 3 7 I 4 2 
Miscellaneous 5 5 3 2 
Medial Popliteal— 
G.S.W. + bone I I I 
injury 
G.S.W. I I I I I I 
Lateral Popliteal— 
G.S.W. 5 5 3 2 i I I 
Miscellaneous I I I 2 2 I I 
Compression 6 6 4 2 
Total | 46 2 2 | 42 37 9 20 20 I 5 3 6 I 4 | I 
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TREATMENT OF PERIPHERAL NERVE 


In §0 patients the nerve did not require explora- 
tion and in 21 the nerve was transposed anterior to 
the medial epicondyle for reasons not associated 
with the repair of the nerve. Ten were subjected 
to immediate suture and 24 to late exploration. Of 
the latter, of which 4 were known to be severed, 16 
were sutured, 1 had been irreparably damaged, and 
7 were in continuity. Of those in continuity, I was 
fibrosed over such a considerable length as to defy 
repair—when last examined eighty-two weeks after 
the exploration there had been no recovery. The 
remaining 6 cases recovered either completely or to 
a degree which made further operative interference 
unnecessary. The cases of transposition for delayed 
tension neuritis following injuries about the elbow- 
joint have been excluded from the ensuing analyses 
since the lesions were partial and surgery was only 
undertaken in order to improve or to prevent any 
further deterioration of nerve function. 

Sciatic, Medial Popliteal and Lateral Pop- 
liteal Nerves.—Sixty-seven lesions of the sciatic, 
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medial popliteal, and lateral popliteal nerves have 
been treated as a single group and analysed in 
Tables II-VII. In 46 patients spontaneous recovery 
occurred without exploration. Delayed exploration 
was performed on nineteen occasions—6 nerves 
were sutured, I was grafted, 4 had been irreparably 
damaged, and 8 were in a state of continuity which 
did not justify surgical treatment. One nerve was 
explored for the relief of causalgia and in a further 
case exploration was advised but was not performed. 


GENERAL OBSERVATIONS 


1. The majority of the injured nerves recovered 
spontaneously ; this supports the findings of other 
observers (Tinel, 1917;  Benisty, 1918; and 
Foerster, 1929). The percentage incidence of 
spontaneous recovery, suture, and irreparable damage 
for each of the peripheral nerves is given in Table 
IV. Excluding the ulnar transpositions, and con- 
sidering the entire series as a single group, the results 
were: 68 per cent recovered spontaneously without 


Table III.—TREATMENT OF NERVE INJURIES 











DvuE TO GUNSHOT WOUNDS WITH AND 
WITHOUT BONE INJURY 
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Table IV.—PERCENTAGE INCIDENCE OF SPONTANEOUS RECOVERY (R), 
IRREPARABLE DAMAGE (D) 
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69 78 





* 5 per cent: 
+3 per cent: 


Exploration recommended but not performed. 
Exploration recommended but not performed, together 


with I nerve-graft with some recovery. 
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exploration, 31 per cent were explored, and I per 
cent refused operation. Of those explored, 17 per 
cent were sutured, 1 per cent grafted, in I per cent an 
offending cervical rib was removed, 6 per cent were 
damaged beyond repair, and 6 per cent required no 
treatment and subsequently recovered spontaneously. 
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Table V.—DURATION OF THE LATENT PERIOD 
(IN WEEKS) IN COMPLETE LESIONS 
RECOVERING SPONTANEOUSLY 








NERVE AND INJURY 


LATENT PERIOD 








Radial— 
G.S.W. + bone injury 


G.S.W. 


Simple fracture 
Laceration 


Posterior Interosseous— 
G.S.W. + bone injury 


Median— 


G.S.W. + bone injury 
G.S.W. 


Laceration 
Miscellaneous 


Ulnar— 
G.S.W. + bone injury 


G.S.W. 


Ito9; Ito 23; 33; 63; 7to 19; 9to 
253; 163; 173 183 203 233; 23 to 3035 
243 40 

33 4to18; 63; 83 83 93 125 133 143 
143 205 22 

8-53 135 163 163 37 to 64 

II to14 


73 93 27- 


93 13 to 633; 173 173 29 to 33 

63; 9—3 93 II; 153 153 16 —3; 16; 
18 —; 18—3; 21—, 22-283 29; 27 
to 32 

32 

93 720 183 12 


It07; 2t093; 293 303 323 333 403 


53 
Oto53; 11033 43 3 to 335 II —3; 14 








to 163; 153; 18; 18 183; 223 245 273 
’ 353 393 56 
Laceration Ss 205 20. 
Miscellaneous 4 
Sciatic— 
G.S.W. + bone injury | 13; 1§ to19; 183 343; 6to353 59 
G.S.W. 3t053 43 4to133; 6—3; 65 7—3 73 
133 14—3 15 —!; 153 165 173 183 
183 193263 383 363 87 to 167; 102 
Miscellaneous 43; II—3 29 
Medial Popliteal— 
G.S.W. + bone injury | 12 
G.S.W. 22 
Lateral Popliteal— 
G.S.W. 5—3 283 18 to 35 
Compression 143 8 to 203; 21 





2. Lesions due to projectiles showed a high 
incidence of spontaneous recovery. 

3. The incidence of irreparable gunshot injuries 
of the radial and sciatic nerves rose when the corres- 
ponding long bone was fractured. 

4. The incidence of nerve suture was highest 
for ulnar nerve lesions (posterior interosseous nerve 
omitted because of insufficient cases). 

The outstanding fact which has emerged from an 
investigation of this material is that the majority of 
injured nerves recover spontaneously. From this 
it may be inferred that anatomical continuity is 
usually preserved. Such an observation, however, 
gains significance only when it is examined in relation 
to (1) the extent and quality of the recovery, and 
(2) the severity of the injury. As already indicated, 
the extent and quality of the spontaneous recovery in 
this series of cases were such as to support the belief 
that the injured nerves were in continuity. As 
guides to the severity of the injury, three factors are 
worthy of consideration: (1) the degree of inter- 
ruption of conduction, (2) the duration of the latent 
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period, and (3) the appearance of the nerve at the 
site of injury. 

1. The percentage incidence of complete lesions 
amongst those which recovered spontaneously was :— 


Radial 91 Ulnar 52 
Posterior interosseous 100 Sciatic and popliteals 8 
Median 55 


The incidence is likely to have been higher since 
several of the lesions classed as partial were probably 
complete (see an earlier section). 

2. The latent period preceding the onset of 
recovery comprises, (a) the initial delay at the site 
of injury before functionally-mature fibres appear 
in the distal segment, (b) the time taken by them to 
advance from that site to the first muscle or cutaneous 


















































Table VI.—DURATION IN MONTHS OF COMPLETE 
INTERRUPTION OF CONDUCTION IN CASES 
RECOVERING SPONTANEOUSLY 
NERVE 0 TO 2 2TO04 4706 | 6109 | 9+ 

Montus | MONTHS | MONTHS | MONTHS | MONTHS 
| 
Radial | 7 | II | = | I 2 
Posterior I | I I 
interosseous | 
Median 2 | 8 | 2 5 
Ulnar | 2 7 4 
Sciatic and 8 | 6 8 6 3 
popliteals | 
Total 25 | 28 24 19 9 
— | 











area showing signs of recovery, and (c) the terminal 
delay which is the time required for those intra- 
muscular and cutaneous changes which permit a 
motor response to voluntary effort and the correct 
interpretation of a peripheral stimulus ; this period 
depends on the duration of the other two, rising as 
they increase and falling as the period of denervation 
diminishes. ‘The second component is influenced 
by the level of the injury, and this in turn affects 
the terminal delay; the latent period is therefore 
determined to a certain extent by the level of the 
injury. Though the nerves in the cases under 
review were injured at a variety of levels, the condi- 
tions were such that this factor was never of such 4 
magnitude as to significantly affect the general thesis 
that the duration of the latent period may be accepte¢ 
as a guide to the severity of the lesion in each case. 
Where sufficient information was available values 
for the latent period have been calculated for each 
of the complete lesions which recovered spontan- 
eously ; these are given in Table V, and have been 
simplified in Table VI. It may be justifiably con- 
cluded from an examination of these data that the 
injury was severe in a high proportion of the complete 
lesions which recovered spontaneously, and _ that 
recovery, even though the onset may be delayed 
for considerable periods, may still proceed t0 
completion. 
3. Additional information relating to the severity 
of the lesion was provided by inspection of the nervé 
in the wound, and later by palpation of the nerve at 
the site of injury. 








ace 
bly 


of 
site 


| to 
ous 


ETE 


"HS 


inal 
tra- 
it a 
rect 
riod 
z as 
tion 
iced 
ects 
fore 


ider 
ndi- 
ch a 
esis 
ted 
ase. 
lues 
each 


een 
con- 

the 
ylete 
that 
ayed 
| to 


erity 
erve 
ye at 








TREATMENT OF PERIPHERAL NERVE 


On thirteen occasions the nerve was seen to be 
lacerated and hemorrhagic in appearance (radial 
3, median 3, ulnar 5, and sciatic 2). In some cases, 
proof of the intraneural disorganization was provided 
by the later development of palpable neuromas 
which did not adversely influence spontaneous 
recovery. The incidence of bulbs whose presence 
was confirmed by palpation or at delayed exploration 
is shown in Table VII. ‘The incidence for the nerves 
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the presence of a neuroma should not be regarded 
as a justification for resection and suture. Further- 
more, repair may be followed by the formation, at 
the site of union, of a bulb similar to the one which 
was removed. 

Foerster (1929) has also observed that the macro- 
scopical appearance of the injured section is an 
unreliable guide to the possibilities of regenera- 
tion. 


Table VII.—OBSERVATIONS ON NEUROMA FORMATION 














} 
NERVE NOT EXPLORED 
NEUROMA PALPABLE 


EXPLORATION 





NERVE AND INJURY 


Complete Partial 


Nerve in Continuity— 
Recovery 
. 


Suture, Resection and Suture 
or Irreparable Damage 





Lesion Lesion 


Neuroma 
palpable 
pre-op. 


Neuroma first | 


No Neuroma | Neuroma first | No 


palpable | revealed at 
neuroma pre-op. operation neuroma 


revealed at 
operation 











Radial— 
G.S.W. + bone injury 
G.S.W. 





Laceration 








Posterior Interosseous— 
G.S.W. + bone injury 
G.S.W. 


Simple fracture | 
| 
Tension | 





Median— 
G.S.W. + bone injury I 
G.S.W. 


Laceration 


NeHH 





Ulnar— 
G.S.W. + bone injury I I 2 
G.S.W. 

Laceration 

Miscellaneous I 





Nee 
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Sciatic— 
G.S.W. + bone injury 
G.S.W. 














Medial Popliteal— 
G.S.W. 


| | 





Lateral Popliteal— | | 
Miscellaneous | | 
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which were not explored may have been higher, 
since in many the injured segment was not accessible 
to palpation. 
taneously—whether they were complete or partial, 
and whether or not they were subjected to explora- 
tion—a neuroma was present on thirty-three occa- 
sions. They predominated in the median and ulnar 
nerves in the upper arm. 

In the explored nerves requiring repair (whether 
this could be performed or not) neuromas were 
present on thirty occasions. 

Thus the incidence of neuroma formation in 
herves undergoing spontaneous recovery and those 
requiring repair was approximately the same. ‘The 
Structure and consistency of the neuroma is admit- 
tedly important, but, until more reliable and revealing 
methods of examination than palpation and inspection 
are available, it will remain impossible to determine 
with certainty whether or not a bulb will obstruct 
spontaneous regeneration. From this analysis of 
neuroma formation, however, it would appear that 
the presence of a neuroma involving a nerve in 
continuity is not necessarily a bar to recovery of an 
order surpassing that resulting from suture. Thus 


In the injuries which recovered spon- . 


DISCUSSION 


These observations have an intimate bearing on 
the treatment of traumatic injuries of peripheral 
nerves. 

The policy of exploring injured nerves, in which 
interruption of conduction is complete, immediately 
local conditions are favourable has the following 
advantages :— 

1. By permitting early repair, it may shorten 
the period of incapacity, while irreparable injuries 
may be appropriately treated without delay. 

2. The results of experimental investigations 
suggest that the chances that nerve suture will be 
successful diminish as the period of delay increases 
beyond two months, especially if it exceeds five to 
six months, and that early suture is followed by more 
rapid recovery than late suture (Holmes and Young, 
1942). This is attributed to irreversible changes 
in the distal segment, end-organs, and extra-neural 
tissues which are prejudical to regeneration and 
functional recovery. These observations have not 
been confirmed by studies of human material, and 
the results obtained by the present writer suggest 
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that a delay of up to six months does not necessarily 
adversely affect the rate of recovery or the end-result. 
The time element is only one of many variables 
affecting the regeneration and restoration of function 
after suture, and further investigation is required 
correctly to evaluate its influence. 

3. Exploration in skilled hands is considered a 
safe procedure. Even in skilled hands, however, 
the possibility of unavoidably damaging intact fibres 
and branches when resecting scar tissue and of 
converting a lesion in continuity into one of complete 
anatomical division exists. 

Of these three advantages, the first alone is 
sufficient to warrant early exploration of the nerve. 
Though the conservative policy adopted during the 
present inquiry, which was imposed quite fortuit- 
ously in the first place, has been fully justified, the 
merits of early exploration must be acknowledged. 
It should, however, be laid down as a cardinal rule 
that, if a nerve on exploration is found to be in 
continuity, it should not be divided or resected. 
Regardless of apparent damage such nerves should 
be given every opportunity to recover spontaneously. 
Unless this is done the policy of early exploration will 
inevitably result in an increase in unnecessary sutures. 
One should, therefore, maintain a conservative 
attitude to the exposed nerve, rather than to the 
policy of exposing it. The present series suggests 
that in the majority of lesions the nerve will be in 
continuity and that several will show pathological 
changes which, despite their appearance and extent, 
will not be a bar to spontaneous recovery. Inci- 
dentally, at this early stage no significance can be 
attached to a negative motor response to electrical 
stimulation of the nerve proximal to the site of the 
injury. In view of the delicacy of nerve tissue, the 
difficulty of its repair, and the unpredictable results 
of nerve suture, it is better to err on the side of con- 
servatism than to perform resection and suture when 
the nerve would have recovered spontaneously. 
The danger to be avoided during early exploration 
is the destructive interference with nerves which 
would recover spontaneously. In the First World 
War Spielmeyer (1918) found, from the histological 
examination of material resected in the early stages, 
that nerves were being resected which would prob- 
ably have recovered spontaneously if left alone. 
Unless great care is exercised in the treatment of 
the exposed nerve, this experience is likely to be 
repeated. 

The end-results of nerve suture in the present 
series show that a delay of six to nine months does not 
necessarily adversely affect the results of suture ; 
where the results were unsatisfactory other factors 
could have been responsible. The loss of time 
involved by delaying suture is outweighed by the 
great advantage to be gained by permitting and 
obtaining spontaneous recovery. 

A nerve which has been explored and treated 
conservatively may show no signs of spontaneous 
recovery ; this is an indication for re-exploration, 


SURGERY 


resection, and suture. The time to be allowed for 
spontaneous recovery to reveal itself before under- 
taking re-exploration is a variable one. The contents 
of Tables V and VI indicate that delays of six to nine 
months would cover all but a few cases. Further 
details will be provided. 

Another point calls for brief comment. Spon- 
taneous recovery occurred in all but 2 of the closed 
injuries (ulnar 1, and lateral popliteal 1); for this 
reason early exploration should never be undertaken 
in these cases. 


SUMMARY 


1. Two hundred and ninety-four patients with 
339 peripheral nerve injuries were under observation 
for varying periods up to six years. 

2. Unexpectedly favourable results were obtained 
from a policy of conservatism which was imposed at 
first by circumstances and later pursued deliberately. 

3. Excluding the ulnar transpositions and con- 
sidering the entire series as a single group, the 
results were: 68 per cent recovered spontaneously, 
31 per cent were explored, and I per cent refused 
operation. 
sutured, I per cent grafted, in 1 per cent an offending 
cervical rib was removed, 6 per cent were damaged 
beyond repair, and 6 per cent were in continuity 
and subsequently recovered spontaneously. Infor- 
mation relating to the percentage incidence of spon- 
taneous recovery, suture, and irreparable damage 
for each of the peripheral nerves is provided. 

4. Lesions due to projectiles showed a high 
incidence of spontaneous recovery. 

5. Seventy-three per cent of the lesions which 
recovered spontaneously were complete and the 
majority presented signs of a severe degree of 
interruption of conduction. In 13 of these the 
nerve was seen to be lacerated and in 28 the subse- 
quent formation of a neuroma could be confirmed. 
A neuroma also developed in 5 of the partial lesions 
which recovered spontaneously. 

6. Exploration as soon as local conditions are 
favourable is advocated on general principles, but 
the evidence suggests that the continuity of a nerve 
should be preserved at operation, regardless of its 
appearance, until it has been given an opportunity 
to recover spontaneously. 

7. If a nerve, having been exposed and treated 
conservatively, does not show signs of recovery 
after six to nine months, re-exploration and repair 
should be undertaken. 
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LIGATURE OF ARTERIES, WITH PARTICULAR REFERENCE TO 
CAROTID OCCLUSION AND THE CIRCLE OF WILLIS* 


By LAMBERT ROGERS, CarpIFF 


EDWARD ARRIS, part founder of this lectureship, was 
born in this city in 1591, and was in turn Steward 
and Master of Anatomy, Examiner of Surgeons, and 
an Alderman. He was Master of the Company of 
Barbers and Surgeons in 1651. A few years after 
he became Master of Anatomy he was fined 6s. 8d. 
for using bad language. I am unable to give more 
details of this because I cannot find them and perhaps 
it is as well, but it is pleasing to think that the distin- 
guished Alderman anatomist could not have allowed 
his important office to weigh too heavily upon him 
if he were capable of using bad language in public 
sufficiently lurid to have this fine recorded against 
him. Mr. John Gale, of Bushey, a Member of the 
Company of Barbers and Surgeons, later became 
associated with the lectureship. 

History of Ligatures.—The first account of the 
use of ligatures is given by Celsus, who lived in the 
time of Tiberius Czsar (25-30 B.C.-A.D. 45-50) 
and whose writings constitute the oldest medical 
document after the Hippocratic writings and are in 
such elegant Latin as to have earned for their author 
the title of ‘ Cicero medicorum ’. 

Although lengthy accounts have been written on 
the degree of tension which it is desirable to apply to 
a ligature placed around an artery and much attention 
has been given to the nature of the material used for 
ligatures, there are really only two ways in which 
arteries are commonly ligatured ; either in continuity, 
or at two sites between which the artery is divided. 
Celsus favoured division between ligatures and wrote, 
“the bleeding vessel is to be taken up and ligatures 
having been applied above and below the wounded 
part, the vessel is then to be divided ”’. 

One of the chief advances in the use of ligatures 
came from a naval surgeon, Mr. Lancelot Haire, 
Assistant Surgeon to the Royal Hospital at Haslar, 
who first cut them short. In 1786, he wrote: 
“The ligatures sometimes become troublesome and 
retard the cure. An intimate friend of mine, a 
surgeon of great abilities, proposed to cut the ends 
of them off close to the knot and thus leave them to 
themselves. By following this plan, we have seen 
stumps healed in the course of ten days. The short 
ligature, thus left in, commonly made its way out by 
a small opening in a short time without any trouble, 
or the patient being sensible of pain.” 

_ Ligature of a Main Artery.—Ligating an artery 
is not merely a matter of sealing a pipeline to hold up 
Its contents. The artery itself must be regarded as 
a living distensible, tubular conduit possessing elas- 
ticity, irritability, contractility, and the power of 
retraction—characteristics which depend on a neuro- 
Muscular mechanism the connexions of which are 
widespread and interlinked throughout the vascular 
system and interference with which, such as may 
be produced by sudden movement, stretching, or 





* An Arris and Gale lecture delivered at the Royal 
College of Surgeons of England on May 22, 1947. 


compression of the vessel as by a ligature, may have 
far-reaching results. 

Advantages of the Celsian Operation.—The 
advantages which may be claimed for the Celsian 
operation over ligation in continuity are first that it 
is complete, i.e., re-canalization cannot occur follow- 
ing absorption of the ligature. 

Secondly, dividing the artery at the same time 
severs the accompanying sympathetic fibres in its 
adventitia and so abolishes peripheral vasospasm 
which the ligature itself may induce (stupeur artéri- 
elle) and which may persist for some time if the 
vessel is not divided. 

Thirdly, if the ligature should slip off or come 
undone or ulceration take place at its site, fatal hemor- 
rhage is less likely to occur than from an opening 
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Fic. 45.—Embolism is less liable after arterial section than 
after ligation in continuity. The pumping action of a’, a*, and 5? 
is of the same order but B! has retracted and contracted and no 
longer has the onward force of the pulse wave reaching it at 5’. 
Should clot form at a! and 5, that at 5? is less liable to be fired 
off by the pulse than that at a’. 


into an artery in continuity. This depends upon 
the fact that in the Celsian operation contraction and 
retraction of the divided arterial ends take place 
owing to their elastic elements while at the same time 
a curling up of the intima occurs. The result is a 
thickened wall at the site of the ligature and a firm 
occlusion. If the femoral artery of a cat is divided 
the bleeding which occurs is not fatal as it is arrested 
when the proximal cut end of the artery has retracted 
and the blood-pressure has fallen sufficiently. If, 
however, a hole is made into the side of the femoral 
artery without dividing it, the animal bleeds to death 
(Holman,1942). It is interesting to note that in pre- 
antiseptic times Billroth had secondary hemorrhage 
from 50 per cent of large vessels ligated in continuity. 
The mortality was high. John Hunter was well 
aware of the advantage of the Celsian operation and 
wrote: ‘It cannot be too well known that ligation 
of a large artery in continuity in an infected wound 
entails a danger of a secondary hemorrhage.” “A 
large artery properly ligated and divided in a septic 
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wound is not likely to be the source of secondary 
hemorrhage if the wound be freely drained.” 
Fourthly, the retraction of the divided ends of a 
large artery is important in reducing the liability to 
subsequent embolism from the site of the ligature 
since the freed distal end of the artery is enabled to 
shut down on contained clot and must subject this to 
less of a pumping action than when the vessel is tied 
in continuity (Fig. 45). This fact is, I believe, 
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Fic. 46.—A, Ligature just beyond a branch; B, Ligature 
more remote from branch. , 

The pressure in the branch a’ is found to be higher than 
that in the branch 5'. 


especially important in the case of the carotids (Rogers, 
1944, a,b). 

Ligature of the Accompanying Main Vein.— 
Opinion has varied as to the value of this procedure. 
It was first suggested in 1913 by the Russian surgeon, 
Oppel, and during the war of 1914-18 Sir George 
Makins was so convinced of its value that he caused 
an Army Order to be issued in respect of it. There 
is both statistical and experimental evidence in favour 
of it, but it is not always necessary. It should be 
practised unless, following ligation and division of 
the artery, the distal part of the artery is seen to 
pulsate so well that there is thus conclusive evidence 
of an adequate collateral circulation (the Henle- 
Coenen phenomenon), in which case the venous liga- 
ture would be redundant. 

Steps which should be taken to mitigate the 
Effects on the Peripheral Circulation of Liga- 
tion of the Main Artery of a Limb.—These may 
be summarized as follows:— 

1. Divide the artery for the reasons already con- 
sidered. 

2. If possible, place the proximal ligature im- 
mediately distal to a large branch, thereby avoiding 
a blind end. The full force of the arterial pressure 
is thus directed to expanding the branch and not 
distending a blind pocket of the main artery (Holman, 
1944). (Fig. 46.) 

3. Unless the distal part of the artery pulsates 
(the Henle-Coenen phenomenon), ligate the main 
vein. 
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4. Lower the metabolism of the limb by depress- 
ing its temperature (expose to draught of cold air) 
thereby reducing the demands on its blood-supply 
pending the development of a collateral circulation, 
(Barcroft and Edholm (1943) have shown that at 
104°F. the amount of blood demanded by a muscle 
in normal circumstances of circulation is eighteen 
times that demanded at 77°F.) 

5. Relax the peripheral vessels by raising body 
temperature by means of blankets, electric cradles, 
CLC. 

6. Maintain the limb at rest and at heart level 
so as to assist the peripheral circulation as much as 
possible. 

7. Transfuse the patient to raise the blood-pres- 
sure and the total volume of the circulating blood. 
(800-1200 c.c. given rapidly.) 

8. If ligation of the main artery can be delayed, 
it is well to wait three months for a collateral circula- 
tion to develop and in that time to perform sympa- 
thectomy so as to open out the peripheral vascular 
bed. 


CAROTID LIGATION 


“* It appears that, like every other trunk of the arterial 
system, the carotid may be obstructed without injury to 
the organ which it supplies ; or in other words, that the 
collaterals will convey a quantity of blood sufficient for 
its nourishment and functions. The circulus arteriosus 
formed by the communion of the basilar and carotid arter- 
ies at the base of the brain, seems to be the resource which 
Nature has provided for the preservation of the cerebral 
circulation under this emergency.”—Benjamin Travers, 
1809. 


In the case of carotid occlusion there are special 
considerations to be taken into account peculiar to the 
blood-supply of the brain, and what Rudolf Matas 
wrote in 1911 is still true: “‘ The possible occurence 
of cerebral disturbance has invested a simple technical 
procedure with a gravity associated with but few 
operations ”’. 

Historical.—The first successful ligature of the 
common carotid artery was performed on Oct. 17, 
1803, by David Fleming, a surgeon in the Royal 
Navy, on board H.M.S. Tonnant. On Oct. 9, a naval 
servant named Mark Jackson had attempted suicide 
by cutting his throat. When dealing with the neck 
wound Fleming noted that the outer coats of the 
common carotid had been damaged. On the evening 
of Oct. 17, during a violent paroxysm of coughing, 
“the artery burst” and the patient was in an 
instant deluged with blood. Fleming cut down and 
tied the common carotid which “ put an effectual 
stop to any further loss of blood ”. The patient was 
discharged form the sick list on Dec. 20, 1803. The 
editors of the Medico-chirurgical Fournal (1817) com- 
ment, ‘‘ We believe that this interesting case presents 
the first and only instance where the carotid artery 
was taken up after a rupture or wound of the artery 
itself, and life preserved... Naval Surgery may justly 
be proud of this operation ”’. 

Sir Astley Cooper ligatured the right Common 
carotid on Nov. 1, 1805. His patient, a woman aged 
44, with an aneurysm in the neck, developed left 
hemiplegia and died on Nov. 21. He tied the artery 


in continuity. Three years later, at I p.m. on 
June 22, 1808, at Guy’s he tied and divided the left 
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common carotid of a porter, aged 50, who had an 
aneurysm in the neck. On July 14 the upper ligature 
came away, the following day the lower ligature also 
was shed. The patient returned to his occupation as 
“a porter at Crawshay’s iron wharf in Thomas 
Street ”’. 

On Tuesday, May 23, 1809, Benjamin Travers, 
Demonstrator of Anatomy at Guy’s and Surgeon to 
the Honourable East India Company, ligatured the left 
common carotid of Frances Stoffell, aged 34, whom he 
states was a healthy active woman of fair complexion, 
middle stature, and the mother of five children. On 
Dec. 28, 1804, when some months pregnant, she 
had felt a sudden snap in the left side of her 
forehead, attended by pain and an orbital effusion. 
There can be no doubt that this patient had a carotico- 
cavernous aneurysm with proptosis. After the liga- 
tion her convalescence was rather interrupted. She 
was disturbed by nervous startings and had ramblings 
about her husband and children and on the third day 
she was much agitated by the firing of the tower guns, 
but Travers records how he had tied two ligatures 
around the carotid and how the upper came away 
without force on the twenty-first day and the lower 
spontaneously on the twenty-second, being found in 
the dressing. From it, he states, hung a slough of 
the artery included between the threads. In May, 
1811, Mrs. Stoffell was looking florid and healthy. 
“Of the disease a knob the size of a large pea over 
the inner angle of the eye is the only vestige that 
remains.” 

In 1902, Sir Victor Horsley exposed a dark- 
coloured pulsating tumour in the middle cranial fossa 
of a woman aged 48. ‘The tumour sprang from the 
right internal carotid and, suspecting that it might be 
an aneurysm, Horsley sterilized a stethoscope and 
placed it on it, but no sound or murmur was audible. 
He closed the wound and ligatured the common 
carotid artery in the neck. His patient was alive 
and well five years later. 

These operations of David Fleming, Astley 
Cooper, Benjamin Travers, and Victor Horsley 
constitute the first instances of successful carotid 
ligation for hemorrhage, for aneurysm in the neck, 
and for both the fistulous and saccular varieties of 
intracranial aneurysm. For these noteworthy pioneer 
procedures the credit must go to these surgeons and 
to this country, and for cutting ligatures short and 
the first successful ligation of the common carotid, 
to the Royal Navy. 

Dangers of Carotid Ligature.—The dangers to 
a patient from carotid ligation are twofold ; the first 
and immediate hazard is that of cerebral anemia from 
the diminished blood-supply to the brain, the second 
and later hazard that of occlusion of the middle and 
anterior cerebral vessels by blood-clot, either the 
extension of thrombosis from the site of ligature or 
the consequence of an embolus liberated from the 
same site. 

When we come to estimate these hazards we 
encounter certain difficulties. Statistics of carotid 
ligation are notoriously misleading. Certain which 
have been widely quoted date from times when infec- 
tion was frequent and when the operation was 
performed for malignant disease or hemorrhage, 
often in elderly and enfeebled patients. Furthermore, 
the particular carotid artery ligated is frequently not 
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stated nor is it always clear whether the artery was 
divided or secured in continuity. 

In 1903, Kocher wrote that “ligature of the 
common carotid in an old man with arterial sclerosis 
is equivalent to the death sentence”. Halsted held 
that ligation of the common carotid could be per- 
formed with impunity in the young and that the 
incidence of cerebral disturbance following ligation 
of the vessel increased with age. E. Holman (1945) 
was of the same opinion, while Mont R. Reid (1935) 
on the other hand held that the older the patient the 
less likelihood of cerebral disturbance following liga- 
tion of the carotid. 

In a modern loose-leaf text-book of surgery it 
is stated that ligation of the common carotid entails 
a danger of cerebral complications variously estimated 
to be from 20 to 25 per cent. Against this, in 1940 
Schorstein reported II common carotid ligatures 
without neurological complications, and in my person- 
al experience of 12 cases in which IJ have ligatured 
the common carotid, mostly for intracranial aneurysm, 
there have likewise been no cerebral complications, 
nor have there been in § other cases known to me in 
which the common carotid was also ligatured for 
intracranial aneurysm. In a reasonably fit person I 
have no hesitation in stating that division of the 
common carotid artery between ligatures is a safe 
operation, complications from which are infrequent 
and may be described as rare. This statement does 
not, however, apply to the internal carotid artery, 
complications from the ligature of which are by no 
means infrequent. 

Delayed Effects.—Delayed symptoms may arise 
some hours or even days after carotid ligature, are 
less frequent after common carotid than after internal 
carotid ligation, and may be transient or persistent. 
When persistent there is usually some improvement 
in the course of time, but as a rule complete restora- 
tion of function fails to take place. These delayed 
effects may be due to :— 

1. Spasm of the distal part of the ligatured artery 
or of its terminal branches constituting the ipsi- 
lateral part of the circle of Willis. Spasm of the 
internal carotid producing cerebral signs has been 
noted in the recent war (Warren, 1946). While such 
spasm may not in itself produce functional disturb- 
ances, it may do so indirectly a few hours later by 
giving rise to a propagating thrombus. 

2. Thrombosis in the ligatured vessel and exten- 
sion upwards of the thrombus. 

3. Detached pieces of the thrombus producing 
embolic occlusion of the distal branches of the artery. 

The following case exemplifies late cerebral dis- 
turbances following carotid ligation :— 


In March, 1938, under local analgesia, I ligatured the 
right external and internal carotids in continuity of a 
woman aged §0 who had bilateral proptosis, chemosis, and 
ophthalmoplegia and a noisy bruit due to an arteriovenous 
aneurysm on the intracranial course of the internal carotid 
artery. The bruit disappeared and there were no unto- 
ward effects at the time of operation or during that day, 
but on the following day she developed hemiplegia from 
which she made a gradual but incomplete recovery. 
(Parry and Lambert Rogers, 1939.) 


(Today, in a case such as this, I should either 
divide the common carotid or divide the internal 
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carotid and resect the cephalic part of it between the 
ligature and the base of the skull.) 

Common or Internal Ligation ?—Contrary to 
the view expressed by some surgeons in the past, 
one may state quite definitely that it is safer to 


41-30 


Fic. 47.—A, Common carotid artery and internal jugular vein exposed beneath omohyoid. Local analgesia. 
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hemiplegia. Of 49 cases of ligature of the internal 
carotid collected by Schorstein (1940), 11 developed 
paralysis and 8 died. 

Since ligature of the internal carotid is so liable 
to be followed by cerebral disturbances, it would 





B, Common 


carotid and internal jugular vein temporarily occluded at ) above 


ligate the common than the internal carotid artery 
(Tables I, II). In addition to 28 cases of common 
carotid ligature without incident, to which I have 
already referred, cases have now been reported 
(Olivercrona, 1945; Sweet, 1946, and others) in 
which internal carotid ligation could not be tolerated 
but on release of the ligature on the internal artery 
and its subsequent application to the common carotid 


Table I.—INTERNAL CAROTID LIGATURE FOR LEAKING 
INTRACRANIAL ANEURYSM 











ea rename ; | : 
Case | SEX | AGE | SIDE | 


RESULT REMARKS 








1 | M | 39 | R_ | Satisfactory | All cases had ophthalmo- 
| | plegia at the time of 
| | operation. 
| F | 47 L_ | Hemiplegia | 
| Cases 1, 2, 3, the artery 
| | | | was divided; in re- 
| | mainder presumably 
| tied in continuity as no 
| | | mention is made of 
| 
| 
| 
| 


| division. In no case 
3 F 19 L_ | Hemiplegia | was the distal part of 
| | and aphasia) the artery resected. 

4 M | 29 | R Hemiplegia | Thus of 6 cases of leak- 

| | | ing intracranial aneur- 

5 F | 26 | L | Aphasia ysm for which the 

| internal carotid was 

6 F 25 iL. Satisfactory | ligated, 4 had cerebral 
| 


| 
| 
| 
| 
{ 


disturbances. 


ai 1 








there were no ill effects. 


was without ill effects, but some weeks later ligature 
of the internal carotid of the same side, in which 
there was now only a feeble flow, produced 


Conversely, in a case of 
mine (Rogers, 1946 b) ligation of the common carotid 


appear reasonable to avoid such complete deprivation 
of the cerebral blood-supply by applying the ligature 
to the common carotid instead. The intracranial 
circulation, while being considerably reduced thereby, 


Table II.—COMMON CAROTID LIGATURE FOR LEAKING 
INTRACRANIAL ANEURYSM 




















Case | SEX | AGE | SIDE RESULT REMARKS 

I M 24 R Satisfactory | 5 of the 6 cases had 
ophthalmoplegia at the 
time of operation. 

2 F 51 R Satisfactory 
All cases recovered. One 
(6) had left hemiplegia 

= F 47 L Satisfactory with R. ophthalmo- 
plegia and was uncon- 
scious at the time of 

4 M 22 R Satisfactory operation, division of 
R. common carotid. 

5 F 39 R Satisfactory | The common carotid 
artery was divided in 
all cases. There were 

6 M 37 R Satisfactory no untoward results. 




















might yet be sufficient to prevent the occurence of 
such a catastrophe, as there is still a blood-flow by way 
of its terminal branches. Moreover ligature of 4 
large artery, such as the common carotid, produces 
a proximal increase in blood-pressure which is reflect- 
ed in the opposite carotids (Pearse, 1928), an effect 
which must tend to diminish the effect on the brain 
of the cutting down of the carotid stream on one side. 
G. M. Dorrance (1934) and R. W. Kerwin (1942) 
have estimated that occlusion of the common carotid 
reduces the blood-flow in the corresponding internal 
artery by one half. My observations lead me to 
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i] believe that if anything this is an underestimate of himself. From the evidence obtained by these studies, 
d the degree of reduction in the blood-flow, and my (Figs. 51, 52) along with anatomical data, the results 
results, along with those of published cases, to the of injection experiments on the cadaver (Kramer, 

le conviction of the comparative safety of division of 1912), and arteriograms from the living, it may be 
d the common carotid. concluded that the circle is not a distributing station 
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Fic. 48.—A, Fifteen minutes after temporary occlusion of common carotid artery and internal jugular vein. The diminished 
activity of the right hemisphere is probably due to the venous obstruction resulting in an increased carbon-dioxide content of its 


blood-supply. B, Wound being closed. Jugular compression released. Common carotid divided. Rhythm of corresponding 
hemisphere now normal. 





A further difference between common andinternal but merely an anastomosis. (Rogers, 1946 a.) The 
carotid ligation is the effect on the carotid sinus circle is almost always a closed ring, albeit often an 


on (see Fig. 53). Internal carotid ligation raises the irregular or uneven one, since the communicating 
ire pressure in the sinus and thereby reflexly lowers the 
ial systolic blood-pressure. Common carotid ligation, . 
NY, on the other hand, by lowering the pressure in the 
sinus and thus its inhibitory effect on the heart-rate 


NG and blood-pressure, has less tendency to jeopardize 
the intracranial circulation in this respect. 
Ligature of Corresponding Internal Jugular 



































Vein.—By a parity of reasoning with the main artery 

_ of a limb and its accompanying vein, it might be 
’ thought advisable to ligate the internal jugular vein = 

ad oe 5 

the when the carotid is tied. Electro-encephalography 

has, however, shown that cerebral anoxia is increased 

One thereby, so that in a case in which I applied a tempor- 
egia ary ligature to the jugular vein, I found it advisable 
mo- e ° . 
-on- to release it (Figs. 47, 48). When one considers the 
. differences between the intracranial circulation and 
i. that of the limb this is not perhaps surprising. 

The Circle of Willis.—Every carotid ligation 
otid x : * 
| in must depend primarily for absence of disturbance of 
‘7 the cerebral circulation on the efficiency of the circle 

Z of Willis. , 
= _ When Thomas Willis, who was born in Wiltshire 

of in 1620, published his Cerebri Anatome Nervorumque 
vay descriptio et usus in London in 1664, this was the 
f a most accurate account of the nervous system which , aan 
ces had then appeared. In Chapter VIII is the descrip- Fi. 49.— Working scale model of circle of Willis. Fluid 
CT= i i i ; is passed thro the circle from t e reservoir on the left. Tes- 
ct tion of the arterial ring at the base of the brain, ps in the pea be ome "of the circle are recorded by the 
Fect illustrated by Sir Christopher Wren, which per- — aya the outflow from _ ——- — 
ai Wie? ; and posterior cerebral arteries is measured in the test-tubes. 
ain Petuates Willis s — wherever anatomy 1s taught. The clips enable the flow to be adjusted or occluded in different 
de. Recent studies which involved the construction parts of the circle or of its main feeding vessels. 
42) of a working model (Figs. 49, 50) to ascertain the 
stid function of the circle have convinced me that it is arteries vary greatly in size and may at times be only 
nal Not a distributing station on the carotid blood-supply threadlike. Even if they are such fine twigs, how- 
to as has been thought by some, including Willis ever, as to be almost unrecognizable, they must 
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remain components of a potential and singularly 
constant anastomosis, and are capable of opening up 
should calls be made upon them as collateral channels. 
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Fic. 50.—Closer view of the model circle of Willis, to show 


its arrangement. The rubber tubes leading upwards are 
attached tothe manometers. Thetest-tubes collect the outflow. 


Steps which should be taken to mitigate the 
Effects on the Cerebral Circulation of Carotid 
Ligation.— 

1. If possible ligate the common rather than the 
internal carotid artery, even if only as preliminary 
to internal carotid ligation later. 

2. Ascertain whether carotid occlusion can be 
tolerated by temporarily closing the artery under 
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Fic. 51.—Pressures in main cerebral arteries before and 
after closure of the right internal carotid. R.Int.C., Right 
internal carotid: R.P.Com., Right posterior communicating : 
R.P.C., Right posterior cerebral; R.M.C., Right middle 
cerebral; R.A.C., Right anterior cerebral. 
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local analgesia and determining by electro-encephalo- 
graphy whether cerebral anoxia results and if so 
whether this is beyond physiological limits. (Rogers, 
1944.) At the same time test the function of the 
contralateral limb with a dynamometer. 

If these tests show that there are no contra- 
indications, divide the artery between ligatures, 
(The extent to which its ends retract is surprising 
and may be as much as an inch or an inch and one 
half.) 
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Fic. 52.—Volumetric changes in the output of the main 
cerebral arteries before and after closure of the right internal 
carotid. R.P.C., Right posterior cerebral; R.M.C., Right 
middle cerebral; R.A.C., Right anterior cerebral. 


3. If the internal carotid artery is to be ligatured, 
the distal end should be resected as far as possible 
towards the base of the skull. In this way a pouch 
from which no branches arise and which may fill 
with blood-clot is removed (Fig. §3). 

A transverse incision should be used to expose the 
carotid, and its temporary occlusion may be effected 
by means of a piece of rubber tubing applied to 
the artery and secured by a piece of tape. This 
avoids damage to the artery and affords a ready means 
of rapid release of the vessel should there be urgent 
indications. A Crile’s clamp does equally well. 

Common Carotid Ligation for Leaking 
Intracranial Aneurysm.—The first canon of sur- 
gery being the arrest of hemorrhage, we should not 
allow continued bleeding to take place from a rup- 
tured intracranial aneurysm but should arrest it by 
ligature of the common carotid. Neglect to do so 
may lead to a fatality as in the following case :— 


On May 13, 1944, a previously healthy Naval Officer, 
aged 39, suddenly developed right supra-orbital pain, 
ptosis, and dilatation of the pupil.of the right eye. Radio- 
graphs of the skull were negative; ipsilateral carotid 
compression relieved his pain. The aneurysm continued 
to leak and we were about to carry out carotid ligation 
when he suddenly became comatose with flaccid paralysis 
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of all four limbs. Lumbar puncture yielded almost pure 
blood and he died within an hour or two of the onset 
of the coma. Autopsy showed rupture of a ‘berry’ 
aneurysm (4-5 mm. in diameter) at the junction of 
the right internal carotid and posterior communicating 
arteries. 


Had it been possible to carry out this ligation it 
is highly probable that as successful a result would 
have been obtained in this case as in other cases of 
leaking aneurysm in which I have performed ligation 
and division of the common carotid with arrest of 
hemorrhage and relief of symptoms. 

In these cases of continued leakage from an intra- 
cranial aneurysm I believe that the common carotid 
should be divided between ligatures whenever the 
side of the circle of Willis on which the aneurysm 
lies is known and temporary occlusion shows that 
this can be tolerated. 
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Fic. 53.—Diagrammatic representation of the effects of 
carotid ligation. 

A, Common carotid divided between ligatures. The 

blood-blow in the internal carotid is reduced, the pressure in 
carotid sinus is lowered. 
_ B, Internal carotid ligation in continuity. The length of 
internal carotid with no branches from the site of the ligature 
to the base of the skullis liable to fill with clot. The pressure 
in the carotid sinus is raised. 

_C, Resection of internal carotid. A better operation than 
B, if the internal artery is to be ligatured. This should prefer- 
a done as a secondary operation to common carotid 
igation. 


The procedure constitutes a Hunterian operation 
of proximal ligature with the presence of an inter- 
vening branch (Fig. 54). In a series of cases of 
leaking intracranial aneurysm which I have now 
treated in this way, I have had uniformly successful 
tesults without untoward incident. The following 
IS an example :— 


A married woman at the age of 39 began to have 
troublesome headaches. These occurred from time to 
ume for six weeks until one day (May 15, 1946) at 6 p.m. 
she complained of a particularly severe one on the right 
Side of the head, vomited, slid to the floor and lost 
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conciousness. She was brought to hospital in coma and 
breathing stertorously. Examination showed a dilated 
right pupil with ptosis and external strabismus and left 
hemiplegia affecting arm, face, and leg. Lumbar puncture 
on May 16, 17, and 23 yielded heavily blood-stained 
cerebrospinal fluid on each occasion. The Wassermann 
and Kahn reactions and radiographs of the skull were 
negative. As the bleeding was persistent, on May 24 
the right common carotid was divided. On May 26 the 
lumbar fluid was less blood-stained and on June 6 it was 
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Fic. §4.—A, Hunterian operation fox aneurysm of peripheral 
vessel. Proximal ligation with an intervening branch. s 
Common carotid ligation as a Hunterian operation for intra- 
cranial aneurysm. 

In each case there is a trickle of blood through the aneurysm, 
a condition which is thought to give rise to laminated clot as a 
protection for the wall of the sac. 


clear. She regained conciousness, the hemiplegia and 
ophthalmoplegia recovered, and she has been doing her 
normal housework since. 


Spontaneous Subarachnoid Hemorrhage.— 
The danger of continued leakage from an intra- 
cranial aneurysm is a very realone. Magee’s analysis 
in 1943 of the results of 150 cases of spontaneous 
subarachnoid hemorrhage showed that there was a 
mortality of 56 per cent. Fifty-two patients died 
from the initial hemorrhage and of the 98 who 
recovered, 50 had recurrence of the hemorrhage and 
32 of these died. It would appear desirable therefore 
to perform the Hunterian operation when possible 
in these cases. It has been claimed that the effects 
of carotid ligation in leaking aneurysm are often 
disastrous, but it is not my experience with ligature 
and division of the common carotid and I believe 
that such bad results have followed ligature of the 
internal carotid artery. I have no hesitation in 
recommending division of the common carotid in 
cases in which the side of the leaking aneurysm is 
known and in which electro-encephalography shows 
that carotid occlusion can be tolerated. I have now 
performed this operation seven times without incident 
save the arrest of hemorrhage and the recovery of 
the patient. These and other successful results to be 
found in the literature bear out what Geoffrey 
Jefferson predicted in 1938 that common carotid 
ligation by cutting down the intravascular tension 
‘might be enough to favour thrombosis in the 
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aneurysmal sac, a condition towards which there is 
a strong natural tendency, even in untreated speci- 
mens ”’. 


SUMMARY AND CONCLUSIONS 


Celsus, who made use of ligatures about the time 
of the birth of Christ, advocated division of the 
artery. 

Two important advances have been due to sur- 
geons in the Royal Navy—the cutting short of liga- 
tures (1786) and the first successful ligation of the 
common carotid for hemorrhage in October, 1803). 
The first successful carotid ligations for aneurysm in 
the neck and for both the saccular and fistulous 
varieties of intracranial aneurysm were performed by 
British surgeons at the beginning of the nineteenth 
century. 

The Celsian operation of division of the artery 
between ligatures has advantages over ligation in 
continuity. The reasons for this and for other steps 
which should be taken to mitigate the efiects of 
occlusion of a main artery on the peripheral circula- 
tion, are discussed. The Celsian operation is espec- 
ially important in the case of the carotid arteries. 

In the past the expressions carotid ligature or 
occlusion have been used too loosely. The particu- 
lar carotid vessel should always be stated. Failure to 
do so has vitiated the value of certain statistics. The 
effects on the intracranial circulation of common and 
of internal carotid occlusion differ considerably, since 
common carotid ligation reduces but does not cut 
off the flow in the corresponding internal carotid. 

It is safer to ligate the common than the internal 
carotid. 

Ligation of the accompanying internal jugular 
vein is not advisable. 

The effect of temporary carotid occlusion may 
be ascertained by electro-encephalography. If the 
occlusion can be tolerated the artery should be 
divided. 

Ligation of the common carotid in leaking intra- 
cranial aneurysm is a Hunterian type of operation 
and is indicated as a life-saving measure when re- 
peated lumbar punctures show that leakage is persist- 
ing. The side of the aneurysm must be known and 
the fact that carotid occlusion can be tolerated. The 
common carotid artery should be divided. Internal 
carotid ligature in such cases is fraught with danger 
and is to be avoided. 

The success of all carotid ligations depends upon 
the integrity of the circle of Willis in constituting 
an efficient anastomosis. A working model of the 
circle along with evidence from other sources con- 
firms the anastomotic function of the circle of 
Willis and disposes of the contention that it is a 
distributing station for the cerebral blood-supply. 

If it is mecessary to ligate the internal carotid 
artery it is advisable to resect the distal part as far 
as the base of the skull so as to remove a blind pocket 
below the circle of Willis. 
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Arterial ligature must not be regarded as the 
mechanical closure of a pipeline, but as an occlusion 
of a living conduit endowed with a widespread 
neuromuscular mechanism capable of influencing the 
vascular system elsewhere than merely at the site of 
the ligation and possessing special problems of 
particular significance in the case of the carotids, 


I am indebted to the Medical Director-General of 
the Navy and his Staff and the Director of the National 
Maritime Museum for assistance in seeking historical 
information ; to professor F. L. Golla and Dr. Grey 
Walter, of the Burden Neurological Institute, for electro- 
encephalography ; to Mr. Arnold Aldis for his help in 
constructing and working the model of the circle of 
Willis ; and to many friends and colleagues for referring 
“a from which the foregoing observations have been 
made. 
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A NEW OPERATION FOR THE TREATMENT OF HYDRONEPHROSIS 
IN ASSOCIATION WITH A LOWER POLAR (OR ABERRANT) ARTERY 


By H. HAMILTON STEWART 


HONORARY SURGEON, BRADFORD ROYAL INFIRMARY 35 


UROLOGICAL SURGEON, BRADFORD MUNICIP41L HOSPITAL 3 


UROLOGICAL SURGEON, BRADFORD CHILDREN’S HOSPITAL 


I HAVE always considered that the standard operation 
which I had to perform for hydronephrosis due to 
obstruction from a lower polar artery did not satisfy 
the ideals of surgery. 

These ideals may be enumerated as follows :— 

1. Abolition of pain from renal distension. 

2. Satisfactory emptying of the kidney. 

3. Non-introduction of infection by kidney drains 
or splint catheters. 

4. Conservation of kidney tissue by preservation 


| of blood-supply. 


5. Improvement in function. 

6. Anatomical involution of deformity. 

7. Minimum risk of recurrence of obstruction. 

Ten years ago, when operating for this condition 
on a boy aged 15 years, it was found that the lower 
polar artery was so large as to constitute the chief 
arterial supply to the kidney. Division of this vessel 
was Clearly out of the question. As I had found that 
other operations were liable to be followed by pyelec- 
tasis and chronic infection, I therefore faced the 
difficult problem and studied carefully the kidney as 
it lay exposed before me, and hit upon an idea which 
was entirely new to me. The operation which I 
performed turned out immediately successful, and 
to-day, ten years later, this young man remains in 
perfect health. : 

Encouraged by this initial success, I used the 
operation at first for similar cases to the original one 
with large polar arteries, but presently, as these con- 
tinued to give uniformly successful results, extended 
its use to all cases judged worthy of conservative 
surgery. 

It was only at a later date, as I thought over the 
principle of this operation, that I realized that I had 
been copying and attempting to re-establish the ana- 
tomical relationship of infancy: certain anatomical 
a which occur during growth had been re- 
versed. 

__ The operation satisfies as nearly as possible all the 
ideals enumerated above. 

In order that the paper may be clearly understood, 
I should like to present certain anatomical facts re- 
garding the development and changes in shape of the 
human kidney. 


ANATOMICAL CONSIDERATIONS 


__The view is commonly held that the permanent 
kidney or metanephros develops within the pelvis but 
ascends later during intra-uterine life to the lumbar 
Tégiocn so as to occupy its adult position. During 
this stage of relative movement it receives its blood- 
supply from multiple arteries which have their origin 
from vessels immediately adjacent to the kidney. In 

€ majority of cases all these vessels disappear except 
one, which persists as the renal artery when the kidney 
Teaches its final position. 


In the condition under consideration one or more 
of these extra vessels have also persisted into adult life. 

The persistence of a multiple blood-supply is 
found in the alligator and in most birds. 

A lower polar artery (Fig. 55) may be: (1) The 
main renal artery; (2) A branch from the main renal 
artery; (3) An anomalous or aberrant artery from 
the aorta, iliac artery, etc. 





Fic. 55.—Diagram illustrating the kinking of the 
ureter by a lower polar artery. 


These vessels often cause no symptoms. We know 
this is the case because: (a) A linear filling defect 
can often be seen in routine pyelograms indicating 
the presence of an aberrant artery. (b) During opera- 
tions upon kidneys for other conditions, I have found 
lower polar arteries which apparently had not caused 
any obstruction. (c) From observation on cadavers 
(Eisendrath and Rolnick, 1942) it is said that one can 
expect to find upper polar arteries arising from the 
aorta or main renal artery in one out of about seven 
kidneys, and lower polar arteries from the aorta or 
main renal artery in one out of about sixteen kidneys. 
Thus, although lower polar arteries are fairly com- 
mon, hydronephrosis from obstruction by such a 
vessel is relatively rare. 

It is clear, therefore, that in order that a lower 
polar artery shall cause obstruction an additional 
factor or factors must be present. The precise factor 
or factors which cause obstruction to occur in certain 
cases in which a lower polar artery is present and not 
in others might be the subject of a long theoretical 
discussion. My purpose in this paper is, however, 
essentially practical—namely, to demonstrate that 
whatever the precise factor may be the operation 
described cures the pathological condition. 
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Some surgeons have held that a congenital stric- 
ture (or neuro-muscular defect) at the ureteropelvic 
junction or elsewhere along the ureter plays an im- 
portant part in the condition, and that the aberrant 
artery is a minor factor. I do not hold this view, 
nor does my experience support it, and the uniform 
success of the operation suggests, at least, that the 
presence of a stricture in association with an aberrant 
renal artery must be rare. 

Change in Shape with Growth.—The kidney 
undergoes a remarkable change in shape during its 
growth to adult size. Kelly and Burnam (1942) 
showed that in the infant the kidney is arched upon 
itself to such an extent that the two poles approach 
each other very closely over the enclosed pelvis. 


aw 


y) 
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Fic. 56.—Diagram showing the change n shape of the 
kidney and pelvic relationship which occur with growth. 


Thus, I believe that if a lower polar artery is present 
in the infant, it will lie in close relation to the main 
renal artery, and in this position is unlikely to produce 
obstruction to the escape of urine. As the child 
grows, the kidney opens out rather like a bud develop- 
ing into a flower (Fig. 56). The poles diverge 
markedly from each other and in this straightening 
out process the lower polar artery becomes separated 
from the renal artery, and is now in a lower position 
(Fig. 57), and is capable of producing obstruction. 
Thus, a lower polar vessel may not cause obstruction 


in the infant, but may do so in childhood or adult life. . 


It is of interest to note that after the plastic opera- 
tion to be described has been performed, the ‘ infant ’ 
relationships are re-established. 


DISCUSSION OF SURGICAL 
TREATMENT 


Many operations have been recommended for the 
treatment of this condition, and I have had practical 
experience of most of them. None satisfied all the 
ideals I have mentioned, and it was for this reason 
that the operation to be described was devised. 

The disadvantages and dangers of the old opera- 
tions are well known and I shall not enlarge upon 
them. Briefly they are: infarction of the kidney if 
the divided vessel is large, with the liability to infec- 
tion ; loss of kidney tissue ; imperfect drainage, with 
the risk of persistence of infection introduced through 
drainage tubes; stenosis of the ureter with fistula 
formation, etc. 


JOURNAL OF 


SURGERY 


A surgeon, when operating upon a solitary func- 
tioning kidney, hydronephrotic as a result of obstruc- 
tion from a large polar or aberrant artery, would, | 
am sure, feel diffident about performing one of 
the standard operations. The dangers would flash 
through his mind as they have through mine. 

The operation to be described can be used for all 
cases deemed worthy of conservative surgery. The 
blood-supply is not interfered with nor the uretero- 
pelvic continuity disturbed. As a drainage tube is 
not inserted into the kidney pelvis or ureter, there is 
no risk of introducing infection into the urinary tract 
from the skin, and provided the operation is carefully 
performed, there is no risk of fistula formation. 

The Principles of the Operation.—The main 
underlying principle of the operation is the ‘ mould- 
ing ’ of the kidney so that the lower polar or aberrant 
renal artery shall come into close relationship with 
the renal artery. In this position it is no longer 
capable of causing obstruction. The poles of the 
kidney are brought together as in the infant, but in 
order to maintain them in this new postion, a second 
folding of the kidney is necessary. The anterior 
surfaces of the poles are brought together so that the 
broad and secure grip is obtained and the kidney is 
thus held permanently in its new shape. 

The photographs of clay models shown in Fig. 58 
will help to make the above procedures clear. 


THE OPERATION* 


a. Exposure of Kidney.—Any of the recognized 
loin incisions may be used. The exposure of the 
kidney is followed by a dissection displaying the lower 
polar or aberrant artery and the ureteropelvic junction. 

b. Relief of Renal Distension.—In the majority 
of cases, once the pelvis and ureter have been dis- 
sected free from the lower polar vessels (artery and 
vein), and any minute vessels or adhesions main- 
taining the kink (whether situated in the ureter or at 
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Fic. 57.—Diagram illustrating what the author considers 
is the likely change which occurs, in the relationship of the 
arteries to a normal-shaped kidney, with growth. 


the ureteropelvic junction or in the pelvis) have beet 
divided, the distension of pelvis and kidney can b 
relieved. The prolapsed pelvis is raised over tht 
obstructing vessels and at the same time gentl 


—— 





* A colour film describing the operation was show! 
at the Royal Society of Medicine in May, 1947. 
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HYDRONEPHROSIS DUE 
traction is exerted on the ureter in its long axis. 
The urine flows rapidly down the ureter (Fig. 59). 
If the hydronephrosis is gross and the tension in 
the kidney considerable, a needle connected with a 
suction pump is passed obliquely through a relatively 
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a suitable condition for plication if necessary at a later 
stage in the operation. Any adhesions retaining the 
kink should be divided. 

d. Remodelling of the Shape of the Kidney.— 
The capsule is reflected from the front of the upper 





Cc 


normal part of the kidney tissue into the pelvis and 
the urine aspirated. This procedure should be 
carried out with all aseptic precautions, particular 
care being taken if the urine is infected. 

c. Mobilization of the Lower Polar Vessels 
and Renal Pelvis.—The lower polar vessels (artery 
and vein) should now be freed from the sheet of 
connective tissue in which they lie, so that they can 
Without difficulty be raised to a higher level. The 
testicular or ovarian vein may need division on the 


left side. 


The pelvis should be dissected free on its inner 
aspect from the same sheet of connective tissue as 
above so that the pelvis now becomes free and is in 


D 


Fic. 58.—Photographs of clay models illustrating the 
apposition of the anterior surfaces of the poles of the kidney so 
that adhesions may develop over a broad surface and retain 
the kidney permanently in its new shape. 


and lower poles of the kidney and is left attached at 
the convex margin. A dura mater elevator facilitates 
separation of the capsule. 

The kidney is grasped in both hands, and the 
upper and lower poles are brought together. Owing 
to the fact that renal distension has previously been 
present, this position and the subsequent position 
are easily obtained. 

The anterior aspects of the upper and lower poles 
are then brought together so that the kidney now 
approaches a ball in shape. 

e. Retention of the Kidney in its New Shape.— 
Plain catgut sutures (No. 4/0) are now placed through 
the upper and lower lobes, the sutures being so placed 
that when tied they will help to retain the kidney in 
the new shape. 
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Catgut tape (hardened) is now threaded under 
the capsule along the mew convex border of the 
newly shaped kidney rather like a rim round a wheel. 


ABERRANT \\ 
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URETER-> | 


TRACTION 


Fic. 59.—Diagram illustrating the relief of the obstruc- 
tion. Adhesions or minute vessels tending to retain the kink 
must be divided. 


The hoop of catgut is fixed at the front with sutures. 
Care must be taken that the tape lies quite flat. The 
plain catgut sutures (about five in number) are now 
tied lightly. 

The two pieces of reflected capsule are brought 
together and sutured. 


It will thus be realized that the kidney is retained 
in its new shape by: (1) The hoop of catgut tape; 
(2) The sutures in the kidney tissue apposing the 
anterior surfaces of the poles; (3) The overlapping 
and suture of the capsule which has been separated 
from the poles of the kidney. 

Traction is now made in the long axis of the ureter 
and if dissection has been adequate the pelvis will 
come to lie mainly below the aberrant artery, which 
should now lie in close proximity to the renal artery, 

f. Plication of the Pelvis.—The pelvis is plicated 
at the front and back by the use of interrupted 10-day 
6/o catgut. Care should be taken that the sutures 
do not pass into the lumen of the pelvis. 

g. Replacement of the Kidney.—The kidney 
is now replaced and the renal space is drained for 48 
hours. Noattempt is made to perform a nephropexy, 


Fic. 60.—Case A. Before operation. A, Intravenous pyelograrn taken two months before operation, showed a moderately severe 
degree of hydronephrosis ; B, Intravenous pyelogram immediately prior to the operation, showing that the kidney had ceased to excrete 
dye; C, D, Ascending uretero-pyelograms showing complete obstruction. 
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PYLOGRAMS TAKEN BEFORE 
AND AFTER OPERATION 


These pyelograms (Figs. 60-69) illustrate the 
degree of hydronephrosis before operation and 
demonstrate the characteristic appearances after 
operation. 


RESULTS 


Eighteen cases have been operated upon by the 

above method over a period of ten years (Table I). 

In the first six years I selected for this operation only 

those cases in which the aberrant artery was the 

principal artery to the kidney. Division of the vessel 

was therefore impracticable. One of the standard 

operations, e.g., division of the vessel with or without 

' a partial nephrectomy, was performed on the other 

Fic. 61.—Case A. After operation. Intravenous pyelo- cases. It _— only after sufficient time had elapsed 
gram showing that the kidney is now functioning well. The for me to satisfy myself in the excellence of this new 


lowest calix, as a result ofthe operation, is raised and lies above operation that I felt confident in carrying it out in 
the middle calix. 


Fic. 62.—Case B. Before operation. A, Intravenous pyelogram, taken two months before operation, showing a moderately severe 
degree of hydronephrosis ; B, Intravenous pyelogram, taken immediately prior to operation, showing a non-functioning kidney. 
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Symptom-free. Feels bet- 
ter than for many years. 
Chronic rheumatism has 
disappeared 
Marjorie R. 2 This patient was five 
months pregnant at time 
of operation. The left 
kidney at operation con- 
tained 20 oz. of urine. 
Robert T. 34 2 mth. Very well 














: wi . * A further 3 cases have been operated upon by this method 
Fic. 63.—Case B. After operation. Intravenous pyelo- since writing this paper ; 2 cases possessed horse-shoe kidneys. 
gram showing that the kidney is now functioning. The patients are symptom-free now. 
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Fic. 64.—Case C. Before operation. Intravenous 
pyelogram showing a severe degree of hydronephrosis. 


Fic. 65.—Case C. After operation. Intravenous pyelo- 
gram, taken three years later, showing good function. Observe 
how the lowest calix is raised and cupping of the calices is 
present. 


Fic. 67.—Case D. After operation. Intravenous pyelo- 
gram, taken following the operation on the patient’s solitary 
functioning kidney—observe the normal cupping of the lowest 
calices. The areas of calcification seen above the kidney are 
due to changes in the costal cartilages. 


Fic. 66.—Case D. Before operation. A, Intravenous pyelograms taken 
elsewhere in 1932 when the patient had symptoms on the opposite side (right). 
A non-functioning kidney was found, but surgical treatment was not advised. 
The pyelogram on the left side is normal and no filling defect or deformity can 
be seen to suggest the presence of an aberrant vessel at that time. B, The patient 
came under my care about one year ago as she now had symptoms on the left 
side. Intravenous pyelogram showing a moderate hydronephrosis on the lefi 
side with a non-functioning kidney, as before, on the right side. 
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Fic. 68.—Case E. Before operation. 
severe degree of hydronephrosis ; 
in A. 


all cases of lower polar arterial obstruction considered 
suitable for conservative surgery. Thus the number 
of cases is relatively small for so long a period. 


Table II.—AGE INCIDENCE 
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All cases survived the operation, which is not a 
severe one. Every case is free from symptoms 
teferable to the kidney at the time of writing this paper 
and the urine sterile. The majority of the cases have 
had follow-up intravenous pyelograms taken ; these 
showed very satisfactory drainage of the pelvis and 
calices and good renal function. The configuration 
of the calices of the kidney, of course, is altered as a 
result of the ‘moulding’, and the post-operative 
pylograms show that the lowest calix now occupies 
a higher position than the middle calix. Stereoscopic 
tadiographs show, as one would expect, that the upper 
and lower calices lie in front. The appearance at 
times is that of a flower, the calices being the petals. 
If the operation is performed in the way described, 
the new shape is permanent. 

Operation on a Solitary Kidney.—In one case 
the operation was carried out on a patient aged 65 
years with a hydronephrotic kidney which was esti- 
mated to contain four ounces of urine. The other 
kidney had been destroyed, probably by the same 
disease, at least thirteen years before. This solitary 

ey functioned immediately after the operation, 
and 17, 34, and 74 oz. of urine were secreted in the 
€€ post-operative days without the use of intra- 
venous therapy. The patient made a rapid recovery. 
Thus the remodelling of the shape of the kidney did 
hot result in a post-operative suppression of urine. 


DUE TO 


A, Intravenous pyelogram showing a moderately 
B, Ascending ureteropyelogram confirming the findings 
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Fic. 69.—Case E. After operation. 
Intravenous pyelogram showing that the 
obstruction had been relieved. The pelvis 
and calices resemble a flower, the petals 
being the calices. The calices had been 
so distended that they were still dilated, 
but their necks had contracted down. 


Operation during Pregnancy.*—The patient 
was admitted suffering from persistent severe renal 
pain, and she was five months pregnant.. The above 
operation was performed on the left kidney, from 
which 20 oz. of urine were aspirated. Extensive 
plication of the pelvis was necessary, but intravenous 
pyelograms taken subsequently showed a fair renal 
function and satisfactory drainage of the kidney. It 
is of interest to note that two months later the other 
kidney (right) showed the usual dilatation of the 
ureter and pelvis which is well known to occur during 
pregnancy. 


SUMMARY 


An operation has been described for the treatment 
of hydronephrosis due to obstruction by a lower polar 
artery. The kidney is ‘ moulded’ so that the lower 
pole carries the aberrant artery upwards into close 
proximity with the normal renal artery. The ana- 
tomical relationships of infancy are thus re-established 
and the natural changes in the anatomy which have 
occurred with growth are reversed. Evidence is 
adduced that this procedure secures a permanent 
relief of the obstruction and that the manipulation 
of the renal parenchyma does not interfere with its 
excretory function. It is claimed that this operation, 
which does not entail opening the pelvis or ureter, 
avoids many of the dangers inherent in the older 
plastic operations, whilst maintaining the integrity of 
the renal arterial supply. 
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* Since writing this paper the patient has given birth to 

a normal child. She is free from symptoms and the 
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OBSTRUCTION of the duodenum in newborn babies 
is a rare condition, though it is being recorded with 
increasing frequency. During the last two decades 
the diagnosis has been clarified, the treatment has 
been rationalized, and the mortality has fallen. 

History.—Calder, in 1752, was the first to des- 
cribe a case of duodenal obstruction in an infant. 
In 1797 Osiander recorded a case, and in 1804 
Voison performed an unsuccessful gastro-enteros- 
tomy. Meckel, in his Pathological Anatomy, 1819, 
mentioned several examples of the condition. In 
1877 Therimim collected all the cases then known, 
and calculated the incidence of duodenal obstruction 
from 9 cases in 150,000 births in St. Petersburg and 
2 cases in 111,000 births in Vienna; he discussed 
the pathology at length. In 1859 Bland-Sutton 
stated his views on the aetiology of duodenal obstruc- 
tion. The first paper in English of any length on the 
subject was by Louise Cordes, of the U.S.A., in 
1901; she recorded 57 cases. In 1904 Clogg 
published 2 cases on which he had performed 
unsuccessful operations and gave valuable advice 
on methods of intestinal anastomosis in infants. 
Spriggs, in 1912, wrote an exhaustive treatise on 
intestinal obstruction in the newborn, examined 
numerous museum specimens, recorded some per- 
sonal cases, and discussed the pathology at length. 
This paper is a monument of industry ; he concluded 
that 28 per cent of intestinal obstructions in the 
newborn occur in the duodenum. In 1916 Ernst 
performed a successful gastrojejunostomy in a male 
infant aged 11 days ; this case must remain a triumph 
in the surgery of infants. In 1923 Dott wrote a 
description of two cases unsuccessfully operated 
upon by Frazer. He gives a clear description of 
rotation of the gut in the embryo, and describes with 
the aid of beautiful diagrams how this process of 
rotation may become deranged. This paper has 
formed the basis of the description of anomalies of 
rotation by many later writers on the subject. 

From 1916 onwards successful and unsuccessful 
cases have been recorded with increasing frequency ; 
even so, in 1931 Webb and Wangensteen stated that 
there had then been only 9 successfully treated cases. 
In 1939 McIntosh and Donovan reported 20 cases of 
duodenal obstruction in the newborn due to faulty 
intestinal rotation. They correlated the operative 
findings with the embryological abnormality in each 
case; 12 of the 18 cases operated upon recovered. 
In 1932 Ladd described 10 cases operated upon, 
with 7 successes. In 1939 his cases had risen to 
39, with 26 recoveries. 

It is noteworthy that American writers record 
large series of these cases compared with their 
British contemporaries. 


ANATOMY AND EMBRYOLOGY 


Ladd (1932) divides duodenal obstruction into 
intrinsic and extrinsic varieties. The two types of 


JOURNAL OF 


DUODENAL OBSTRUCTION IN THE NEWBORN 
WITH A DESCRIPTION 


By ISABELLA FORSHALL, LIVERPOOL 





SURGERY 










OF FOUR CASES 















case differ in their embryological causation, anatomy, 
and operative treatment. 

Intrinsic Obstruction.—Intrinsic obstructions 
occur frequently in the proximal duodenum and 
show a significant preference for the region of the 
bile papilla. Garvin in 1928 stated that in 113 cases, 
34 occurred proximal to the papilla, 25 distal to the 
papilla, 19 at the level of the papilla, and that in 16 
cases the exact location was not recorded. This is 
of interest in view of Bland-Sutton’s well-known 
dictum: ‘‘ Developmental abnormalities occur at 
the site of embryonic events.” 

The obstruction may be caused by :— 

1. A complete discontinuity of the duodenum. 

2. A condition in which the dilated proximal 
duodenum is joined to the collapsed distal duodenum 
by a fibrous cord. 

3. A narrowing of the duodenal lumen for a 
variable length. 

4. A condition in which a diaphragm, either 
complete or incomplete, is present in the duodenal 
lumen. 

Many theories have been advanced to explain 
the abnormality, including intestinal infection, 
intussusception with sloughing of the intussuscepted 
bowel, and disease of the blood-vessels supplying 
the affected area of bowel. ‘Tandler (1902), Frossner 
(1905), and others state that in the 6-7 mm. embryo 
the duodenum presents a well-defined lumen lined by 
epithelium. Later the lumen is obliterated by the 
formation of vacuoles in the epithelial cells. If 
development is arrested at this stage the stomach 
will fail to communicate with the small intestine. 
When development proceeds normally the vacuoles 
coalesce, re-establishing the duodenal lumen. At 
birth the villi are all that remain of the vacuole 
walls. 

Over-activity of the process of coalescence of the 
vacuoles might lead to the condition of discontinuity. 
This is the most satisfying theory, but it fails to 
explain obstruction in the distal bowel, where villi 
do not occur. 

Extrinsic Obstruction.—This is commoner 
than the intrinsic variety, in the proportion roughly 
of 3 to 2. In the majority of cases the site of the 
obstruction is in the distal duodenum at or neaf 
the duodenojejunal junction. Extrinsic duodenal 
obstruction can be brought about by a variety of 
conditions : abnormalities of the pancreas, especially 
annular pancreas, internal hernize, tumours and cysts 
of the surrounding organs, foetal peritonitis (Simp- 
son), etc., but the majority of cases are due to some 
abnormality of intestinal rotation. Abnormalities 0 
rotation do not always cause symptoms, and may be 
discovered at autopsy, or symptoms may be delayed 
until adult life. Faulty rotation is being revealed 
by the radiologist with increasing frequency, some 
times as the cause of intestinal symptoms, sometimes 
in the course of routine examination. Symptoms 
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DUODENAL OBSTRUCTION 


developing in a newborn infant may be produced 
in two ways :— 

1. The duodenum is compressed or dragged 
upon by abnormal peritoneal bands. 

2. There is a volvulus of part or the whole of the 
midgut loop. 

These two types of obstruction in infants are 
frequently combined, and untwisting a volvulus may 
not suffice to relieve the patient’s symptoms, abnormal 
peritoneal bands requiring to be divided in addition. 

In volvulus of the newborn, as has been reported 
by many observers, the proximal limb of the volvulus 
only is obstructed, so that the rapid distension typical 
of volvulus of other types does not occur. 

The twist is usually but not invariably in the 
clockwise direction and may consist of six or more 
complete turns. In the majority of cases the lumen 
of the bowel is obstructed, either completely or 
incompletely, but the blood-supply is only rarely 
interfered with, so that the condition is one of high 
intestinal obstruction, not of strangulation. 

The literature shows that there has been some 
argument as to the time at which the volvulus occurs, 
and the question of its possible antenatal origin. On 
the whole, it seems likely that at birth the stage is 
set by the failure of rotation and fixation, and that 
the actual act of volvulation is initiated by the 
mechanical changes in the upper digestive tract 
which occur when feeding is started. Except for 
the occasional case in which the symptoms are inter- 
mittent or subacute (probably due to the volvulus 
temporarily spontaneously reducing itself), sym- 
ptoms manifest themselves during the first thirty- 
six hours of extra-uterine life. 
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Fic. 70.—At beginning of first stage of intestinal 
rotation. Lateral view. 


_ In the description of the cases to be recounted, 
It will be necessary to refer to intestinal rotation 
a it occurs in the normal embryo, and to factors 
Which may lead to rotation becoming deranged. It 
is therefore necessary to refer briefly to this subject. 
Dott (1923), in his excellent paper, divides intestinal 
Totation into three stages. 

_ First Stage-—The midgut loop, that part of the 
alimentary canal supplied by the superior mesenteric 
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artery, and comprising the duodenum below the 
ampulla of Vater, the jejunum, the ileum, and the 
colon to the junction of the proximal two-thirds of 
the transverse colon with its distal third, are herniated 
into the umbilical cord (Fig. 70). The bowel hangs 
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Fic. 71.—At end of first stage. Anterior view. 


as a loop in the sagittal plane, suspended by a dorsal 
mesentery. The superior mesenteric artery runs 
between the entering and returning limb of the 
loop to the situation of the obliterated vitallo- 
intestinal duct, at the apex of the loop. At the neck 
of the sac the two limbs of the midgut loop are in 
close apposition. This approximation of duodenum 
and colon is called the duodenocolic isthmus. The 
superior or pre-arterial loop will constitute the 
jejunum and proximal ileum. The inferior or post- 
arterial loop will form the distal ileum and proximal 
colon. The pre-arterial loop elongates more rapidly 
than the post-arterial loop, the cecal bud appears 
on the post-arterial loop. 

The liver, as it enlarges downwards and to the 
right, exerts pressure on the pre-arterial loop through 
the right umbilical vein, so that the pre-arterial loop 
is displaced to the right and caudally and the post- 
arterial loop is carried to the left and cephalically. 
The whole loop has been rotated through 90° around 
the superior mesenteric artery, in an ante-clockwise 
direction (Fig. 71). The changes up to this point 
constitute the first stage. Dott states that failure 
of this stage only occurs in the rare condition of 
extroversion of the cloaca. 

Second Stage.—This occurs about the beginning 
of the tenth embryonic week, and during this stage 
the midgut returns to the abdominal cavity. The 
umbilical ring offers a certain resistance to the return 
of the gut, the bulky cecum in particular is likely to 
meet with resistance. The pre-arterial loop returns 
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first and its proximal jejunal end before its distal 
ileal end. The jejunum returns on the right side 
of the root of the artery, and in doing so passes 
beneath the artery, which is held forward by the 
apex of the loop which is still in the cord (Fig. 72). 





SUPERIOR 
MESENTERIC —~---------- 
ARTERY 
JEJUNUM 
WHICH HAS 
ILIUM REACHED 
ENTERING LEFT UPPER 
ABDOMEN 
PRE- A 
ARTERIAL 
LOOP LOOP 
Fic. 72.—At beginning of the second stage. Anterior 


view. 


The first coil to return occupies the available space 
in the left upper abdomen, following coils push it 
and the hind gut more and more to the left (duodeno- 
jejunal junction and splenic flexure). The later 
coils of the jejunum and ilium pile up more and more 
to the right, the last coil of ilium to return carries the 
artery with it. Finally the cecum is reduced and 
will at first lie near the midline, anterior to the artery. 
As the colon straightens out, the cecum will be 
carried towards the right loin, and the transverse 
colon will come to lie across the pedicle of the small 
intestine at the origin of the superior mesenteric 
artery. The completed rotation has been through 
270° in a counter-clockwise direction around the 
artery, from the primitive sagittal plane. This 
completes the second stage (Fig. 73). 

The critical point in this complicated process is 
the order in which the coils return. If the process 
is to be normal it is essential that the jejunum be 
reduced first. There are two ways in which the 
normal sequence may be disturbed. 

1. The umbilical ring may be unduly large, so 
that it offers no resistance to the returning bowel. 

2. There may be some condition of the jejunum 
which makes the return of the bowel difficult. 

Should either of these conditions obtain, the 
consequences may be that the whole loop is returned 
en masse, in which case the midgut will remain sus- 
pended by the superior mesenteric artery, and the gut 
will have a common mesentery, with a narrow origin, 
at the duodenocolic isthmus. The state of rotation 
which obtains at the end of the first stage will be 
permanent. This is the condition of non-rotation. 
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Alternatively the post-arterial loop may return 
first and in doing so will pass behind the artery and 
occupy the left side of the abdomen. This condition 
is designated mal-rotation. 

Dott (1923) quotes a case recorded by Hunter 
(1922), in which a jejunal mesenteric cyst had appar- 
ently offered resistance to the return of the jejunum 
to the abdomen, resulting in faulty rotation. 

Case 3 is therefore of great interest. 

Third Stage-—The cecum and terminal ileum 
descend to the crest of the ileum. Certain portions 
of the gut become fixed in position by fusion of 
their mesenteries with the peritoneum on the pos- 
terior abdominal wall. There is wide separation of 
the fixed duodenum and termina! ileum, and fixation 
between these points along the oblique line of the 
root of the mesentery; the narrow duodenocolic 
isthmus disappears. 

Any abnormality of the sequence of the return 
of the gut during the second stage, resulting in either 


ABDOMEN non-rotation or mal-rotation or any intermediate 
ArTeriaL Pattern, will lead to failure or alteration of the third 


stage. Fixation of the gut will either fail to occur 
or will be greatly modified. Should the midgut 
return en masse, with resultant non-rotation, the 
entire midgut loop remaining suspended by a common 
mesentery, with a narrow origin at the duodenocolic 
isthmus, and if no fixation, or abnormal fixation 
occur, duodenal obstruction may result. 
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Fic. 73.—At end of the second stage. 


Such obstruction may be due to all or any of the 
following :— 

1. Conditions are ideal for volvulus of a part of 
the whole of the midgut loop around the superior 
mesenteric artery. 

2. The colon, owing to its unfixed or abnormally 
fixed condition, may cause pressure or traction on 
the duodenum. 
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DUODENAL OBSTRUCTION 


3. Abnormal fixation or hyperfixation of the 
duodenum may cause it to be sharply kinked either 
at the junction of its 2nd or 3rd parts, or at the 
duodenojejunal junction. 

Mal-rotation is recognized by finding the entire 
colon in the left abdomen, while the small intestine 
lies to the right of the midline, the terminal ileum 
enters the cecum from the right. The freely mov- 
able cecum may be near the midline or farther to the 
left. The ascending colon is short or practically 
absent. The transverse colon describes a loop from 
the cecum to the subpyloric plane, and then turns 
sharply on itself back to a normally placed splenic 
flexure. Many types of abnormality in which inter- 
mediate variations of rotation and non-rotation occur 
have been described; they give rise to different 
intestinal patterns, they all result in abnormal 
fixations and a narrow mesenteric origin, and are 
potential causes of duodenal and other types of 
obstruction. 


AETIOLOGY 


It is computed that duodenal obstruction in the 
newborn sufficiently severe to give rise to recog- 
nizable symptoms occurs once in every 20,000 births ; 
this figure is based on Therimim’s work in 1877. 
Undoubtedly many cases die unrecognized. It has 
been suggested that the condition is not so greatly 
less common than imperforate anus, but that, while 
imperforate anus can hardly be overlooked, duodenal 
obstruction may be missed unless its possibility is 
remembered. Ladd (1937) records that in the three 
years, 1932-5, 20 cases of congenital duodenal 
obstruction were admitted to the Children’s Hospital, 
Boston. This suggests that interest in the subject 
has caused more cases to be recognized and sent for 
treatment. There is no sex preference, boys and 
girls being affected in equal numbers. There is 
no evidence to suggest heredity or familiar incidence. 

Hydramnios in the mother may be an important 
factor, as in other congenital abnormalities. It is 
well authenticated that congenital abnormalities may 
by multiple, and congenital duodenal obstruction is 
no exception. The condition has been recorded as 
occurring in association with hare-lip and cleft 
palate, talipes, mongolism, hernia, congenital heart 
disease, and congenital obstruction of the bile- 
ducts ; the last might be the result of the condition 
causing the duodenal obstruction, or the two could 
be separate entities in the same patient. The inci- 
dence of prematurity in cases of duodenal obstruction 
appears to be quite definite, and there are five 
Instances of the condition recorded in mongolian 
idiots. On the whole, however, the subjects of the 
condition appear to be healthy at birth. In 15 per 
cent of intrinsic cases one or more further obstruc- 
tions are present in the bowel distal to the duodenum. 


CLINICAL PICTURE 


The dominant symptom is vomiting, which in a 
very high percentage of cases begins within thirty- 
six hours of birth. The vomiting is forceful and 
soon becomes definitely projectile in type. When 

¢ obstruction is distal to the bile papilla (as is the 
Tule in extrinsic obstructions and the case in rather 
less than half of the intrinsic cases—that is to say, 
Toughly 80 per cent of all cases), there will be bile 
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in the vomit. If feeds are stopped these babies 
continue to vomit bile in astonishingly large amounts. 
Blood is seen in the vomit in a minority of cases. 

Meconium is passed normally, thereafter in cases 
of complete obstruction there will be constipation or 
the passage of occasional small stools consisting of 
mucus. When the obstruction is above the bile 
papilla the mucus will be mixed with bile. It has, 
however, been pointed out that bile in the stools 
or bile in the vomit is not an absolute indication of 
the position of the obstruction above or below the 
ampulla of Vater, as accessory bile-ducts occur not 
very infrequently. When the obstruction is incom- 
plete, small infrequent stools containing milk residue 
may be passed. In some instances when a volvulus 
is present the baby will pass blood from the rectum. 

Dehydration and loss of weight are rapid. These 
very young infants do not present the well-known 
picture of the hypertonic baby who stuffs his fist 
in his mouth and cries with hunger, typical of cases 
of pyloric stenosis. They tend by contrast to be 
apathetic, and do not suck so readily. In spite of 
vomiting immediately after feeds, they spend long 
hours in sleep and seem immune from the pangs of 
hunger. 

Untreated cases become increasingly apathetic, 
ketosis may lead to convulsions from which the child 
succumbs, or they die of starvation or aspiration’ 
pneumonia. Life is seldom prolonged beyond the 
twelfth day. The more complete the -obstruction, 
the earlier the death of the child. Occasionally 
children seem to withstand a severe degree of 
obstruction for an astonishingly longtime. Instances 
of children surviving for several years with a duo- 
denal lumen of only a few millimetres are recorded. 
Sometimes the child will manage to retain enough 
milk to survive, and even to gain weight, and sym- 
ptoms only become acute when solid diet is started. 
Seidlin (1925) records the case of a child with a 
duodenal obstruction who died at the age of 2} years 
after eating canned corn. Occasionally symptoms 
are intermittent in type, periods of vomiting and 
constipation alternating with periods of freedom 
from symptoms. This type of history is found in 
cases of intermittent volvulus. 

The rare case in which a volvulus is strangulated 
would be hard to recognize. Donovan (1936), in 
a series of 20 cases of extrinsic obstruction, records 
I case in which there was strangulation of a volvulus. 
Though it was recognized that the child’s condition 
was more grave at two days of age than is usual in 
cases of simple obstruction, the cause was not dia- 
gnosed, This child passed blood-stained meconium 
and it is possible that this may be a significant sign. 
The recognition of strangulation is obviously import- 
ant, as in these cases prolonged pre-operative prepara- 
tion may prove fatal. 

On examining the child’s abdomen there may be 
fullness of the epigastrium; the lower abdomen 
appears empty, so that the abdominal outline is 
somewhat heart-shaped. Waves of gastric peri- 
stalsis, travelling from left to right may be seen, but 
this sign may be difficult to elicit, as the children 
often return a feed immediately after swallowing. 
When the obstruction is in the distal duodenum 
peristalsis below the stomach, and travelling from 
right to left, is sometimes visible. No tumour is 
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felt as a rule, rarely the distended proximal duo- 
denum has been palpated. 

Rectal Examination reveals nothing except that 
one sometimes gets the impression that the rectum 
is unexpectedly small. 

The further examination of the child will show 
wasting, dehydration, and ketosis of greater or lesser 
degree, depending on the duration of the symptoms. 
There may be fever due to dehydration. 

X-ray Examination will confirm the diagnosis 
and give valuable information as to the site of the 
obstruction. It probably will not decide the type 
of obstruction, apart from the fact that obstruction 
in the proximal duodenum is likely to be intrinsic 
and obstruction in the distal duodenum is likely to 
be extrinsic. An X-ray picture which shows the 
colon in an abnormal position and the small bowel 
bunched in the right side of the abdomen is much in 
favour of an extrinsic obstruction due to faulty 
rotation. In addition to an anteroposterior picture, 
an oblique view should be taken, as this often shows 
the distended duodenum very beautifully. 

In cases of complete obstruction a straight 
radiograph without the use of contrast medium may 
give all the information required. The stomach 
and duodenum above the obstruction are shown 
filled with air. The collapsed bowel, below the 
‘obstruction contains no gas and is not outlined. 
This is of importance as some surgeons hesitate to 
give barium in these cases believing, (a) that if the 
child vomits the barium may be aspirated, (5) that 
should an anastomosis be necessary, the barium, 
which is difficult to wash out of the stomach, may 
obstruct the stoma. 

Differential Diagnosis (from other conditions 
causing vomiting in the newborn).— 

1. Parenteral Causes.— 

a. Cerebral vomiting, due to birth trauma. The 
vomiting bears no relation to food, the children 
are loath to suck, they may be cyanosed, the respira- 
tions may be irregular. The cerebrospinal fiuid 
contains blood. 

b. Septiczemia. 
cell count. 

c. Congenital abnormalities of the renal tract. 
There may be dribbling of urine and a high blood- 
urea. A dilated ureter may be palpated. 

2. Unsuitable and Excessive Feeding.— 

3. Other Conditions of the Alimentary Tract.— 

a. Epidemic Gastro-enteritis: There is usually 
diarrhoea, possibly fever and a raised white-cell count. 

o. Esophageal Obstruction, either with or with- 
out a tracheal fistula: Vomiting will occur immedi- 
ately after swallowing. It is impossible to pass a 
catheter into the stomach. When there is a fistula, 
swallowing gives rise to coughing, choking, and 
cyanosis. A radiograph after a small lipiodol or 
skiodan swallow makes the condition clear. 

c. Hypertrophic Pyloric Stenosis: It is very 
uncommon for vomiting to start in the first week of 
life. The vomitus does not contain bile. A pyloric 
tumour can be felt. Obstruction at first is never 
absolute, and milk stools are always passed. A 
radiograph will show the elongated pyloric canal 
typical of the condition. 

b. Obstruction at a lower level: The vomit, in 
addition to bile, will after a short time contain 


There is fever and a high white- 


JOURNAL OF 


SURGERY 


fecal-smelling material. Later distension will be 
manifest. A barium enema may help to make the con- 
dition clear. A straight radiograph may show dilated 
coils of intestine, with multiple fluid levels. 

Farber (1933) has described a test for complete 
intrinsic obstruction, which depends upon the 
examination of the meconium. Meconium begins 
to collect in the intestine after the third week of 
foetal life. Should a complete intrinsic obstruction 
occur before this time certain elements of normal 
meconium will be lacking. Normal meconium 
consists of mucus, bile, keratinized epithelial 
cells, lanugo hairs, and vernix caseosa swallowed 
from the amniotic fluid. The easiest of these 
elements to recognize is the keratinized epithelial 
cells. A smear of meconium is dried with ether, 
stained with Sterling’s gentian violet for one 
minute, and then decolorized with acid alcohol. 
Failure to find epithelial cells in the preparation 
indicates that the case is one of atresia. 


TREATMENT 


The treatment is by operation, and the earlier 
this is carried out, the greater is the chance of 
success. Very young infants stand operation well, 
a child 4 days of age stands it better than a child 
10 days of age, even if the weight is the same in 
both. A long period of dehydration and starvation 
lessens the baby’s resistance to shock and increases 
the tendency to infection. When cases are seen 
late it may be necessary to give twenty-four hours 
to pre-operative treatment. The longer the interval 
before the diagnosis is made the more important 
does the pre-operative treatment become. For 
dehydration, intravenous Hartmann’s solution, plus 
5 per cent glucose, or plasma diluted with equal 
parts of Hartmann’s solution, plus 5 per cent glucose. 
If after restoring the body fluids the hemoglobin is 
low, a small blood transfusion may be given. It is 
difficult to check the blood chemistry and hezemato- 
crits of these small infants, so that in practice the 
child’s appearance is the best guide. It is worth 
while to give calcium gluconate intramuscularly and 
vitamin K. 

The stomach is washed out one hour before 
operation, and the tube left in the stomach; this 
serves to allow the escape of bile in obstruction 
below the papilla, and prevents gaseous distension 
of the stomach in all cases. 

Precautions against chilling are important. If 
the infant is receiving intravenous fluids, these 
should be continued during operation. 

Anesthesia.—Papers dealing with duodenal 
obstruction in the newborn are remarkably reticent 
on the question of anesthesia. On the whole, 4 
general anesthetic is the most satisfactory, and at 
the present time open ether with oxygen skilfully 
administered seems to be the best available. Local 
anesthesia can be used, but while satisfactory for 
laparotomies in infants when the operative procedure 
is short, and its exact steps known beforehand, as 1n 
pyloric stenosis, it is not ideal in cases where explora- 
tion is necessary and evisceration may be called for. 


OPERATION 


A midline incision above the umbilicus, or 4 
vertical incision through either rectus muscles gives 
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DUODENAL OBSTRUCTION 


adequate exposure. The next step is to determine 
the type of obstruction present. If an accurate 
X-ray diagnosis has been made, the site of the 
obstruction will be already known. The arrange- 
ment of the transverse colon is the first point to note, 
if the colon is normal in disposition it is unlikely that 
the case is one of faulty rotation. If the transverse 
colon appears as loop across the left upper abdomen, 
with the cszcum at or to the left of the midline, it 
can be presumed that the obstruction is extrinsic. 

Extrinsic Obstruction.—Having determined 
the presence of faulty rotation, look for a volvulus. 
It is not necessarily easy to recognize a volvulus 
when one is present. The volvulated loop is not 
distended ; on the contrary, it is moderately col- 
lapsed, as the proximal limb of the involved gut only 
is obstructed. The blood-supply is unaffected or 
only slightly affected, so that the colour of the 
intestine is not grossly abnormal. The impression 
given is that the small bowel is bunched together 
and tangled in a complicated manner. By lifting 
the whole mid-gut out of the abdomen the condition 
becomes clear, and the volvulus can be easily un- 
twisted by turning the gut in a counter-clockwise 
direction. In rare instances it has been found 
impossible to untwist the volvulus, owing to some 
complicated type of faulty rotation or fixation. 
The obstruction may then be capable of relief by a 
short-circuiting anastomosis. 

If untwisting the volvulus has relieved the 
obstruction the small intestine will immediately fill 
with air, and nothing further need be done. Should 
the untwisted gut remain collapsed, then the obstruc- 
tion is due, not to the volvulus, but to the faulty 
rotation causing pressure or traction on the duo- 
denum, or the duodenum is held in a kinked position. 

Procedure when Faulty Rotation is uncomplicated 
by a Volvulus, or when reducing a Volvulus has not 
relieved the Obstruction —The duodenum will have 
to be exposed throughout its entire length. Starting 
from the right side, the fold of peritoneum by which 
the loop of transverse colon is suspended is divided. 
The dissection is carried farther and farther to the 
left, and the colon and czecum are pushed over to the 
left, until the whole duodenum is exposed. Any 
additional bands fixing or pressing on the duodenum 
are divided, taking care not to injure the superior 
mesenteric artery. An attempt is made to straighten 
any kinking of the duodenum. Such kinking is 
likely to occur at the duodenojejunal junction. This 
exposure of the duodenum for the relief of duodenal 
obstruction, was first described by Ladd (1932), and 
the procedure is called Ladd’s operation. If the 
operator is still not satisfied that the obstruction has 
been relieved, an anastomosis will have to be con- 
sidered. 

After reducing a volvulus and freeing the duo- 
denum, the question of fixing the cecum to prevent 
a recurrence of the volvulus arises. Ladd (1932) 
and Donovan (1936) both report cases in which a 
volvulus recurred. Donovan describes fixing the 
cecum and proximal colon to the lateral abdominal 
wall of the right side. He states, however, that as it 
1s difficult to do this without leaving a pocket behind 
the gut, in which coils of intestine may become 
impacted, the procedure would considerably prolong 

€ Operation. 
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As already stated, strangulation of a volvulus is 
very rare. In such a case cited by McIntosh and 
Donovan (1939), operation failed to relieve the 
condition. It is possibly not so rare as the literature 
would suggest, the mortality is bound to be very 
high, and unsuccessful operations are often not 
recorded. 

Intrinsic Obstruction.—The possibilities are 
three: (1) To open the duodenum and deal with 
the obstruction at its site; (2) To perform a jejuno- 
stomy for feeding ; (3) To do some form of anasto- 
mosis by which the obstruction is short-circuited. 

3. Opening the Duodenum and dealing with the 
Obstruction.—Until recently all surgeons have con- 
demned opening the duodenum, as its thin walls 
and fixity make satisfactory closure difficult. How- 
ever, in 1936, Morton reported the case of a 14-day- 
old infant in which he opened the duodenum and 
excised an obstructing membrane. The child 
recovered. In 1940, Saunders operated upon a 
male infant 7 days of age, and found the second and 
third parts of the duodenum compressed by peri- 
toneal bands; after freeing, the duodenum was 
found to be atresic, it was opened at the site of the 
obstruction and an operation like a pyloroplasty 
performed. The child recovered. In 1943 Lee 
recorded a case in which he localized an intrinsic 
obstruction by means of a metal-tipped tube. He 
opened the duodenum over the tube, dealt with the 
obstructing diaphragm by means of the electric 
cautery, and then closed the duodenum transversely. 
Lee, writing in association with Maris, McGuinness, 
Lee, and Rhodes, states that the metal-tipped tube 
is of great assistance in the treatment of duodenal 
obstruction in infants, either of the intrinsic or 
extrinsic type. The tube which is passed prior to 
operation and left in post-operatively (if the child 
will tolerate it), is said to have the following advan- 
tages :— 

a. It keeps the stomach collapsed. 

b. Followed by the aid of X rays, it gives addi- 
tional information about the site of the obstruction. 

c. It is available at the time of operation to test 
the patency of the duodenum after it has been freed 
from constricting bands (extrinsic cases). 

d. It can be used to force through a diaphragm 
or narrowing, either with or without opening the 
duodenum. 

They describe three of their cases successfully 
treated with the aid of the tube. 

2. Fejunostomy for Feeding.—From time to time 
surgeons have performed a jejunostomy in the hope 
of keeping the child alive, and of being able to deal 
with the obstruction at a later date. The method 
met with no success, however; in 1938 Levi 
(Tallerman and Levi, 1938) reported the case of a 
6-day-old male infant with an intrinsic obstruction 
below the bile papilla. A gastrojejunostomy failed 
to relieve the vomiting, and a jejunostomy was 
performed ; this tided the child over until the anasto- 
mosis was working. The baby, after a stormy 
convalescence, recovered. Lee (1943) reports that 
prior to the introduction of the metal-tipped tube, 
he successfully treated two infants by jejunostomy. 
These appear to be the only three recorded cases in 
which jejunostomy was successful. In a desperately 
ill infant or when any other type of operation was 
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fraught with such difficulties as to make success 
unlikely, a jejunostomy would be worth doing. 

3. Anastomosing Operations, by which the Obstruc- 
tion is Short-circuited.—This has been the method 
used in the majority of successful cases. The possi- 
bilities are a gastrojejunostomy, a duodenojejunos- 
tomy, or a duodenoduodenostomy. 

A gastrojejunostomy is the easiest to perform. 
When the obstruction is above the bile papilla it is 
likely to prove satisfactory. 

The question of whether the anastomosis is 
anterior or posterior, ante- or retro-colic, can only 
be decided at the time of operation and depends 
upon the condition found. In the presence of a 
collapsed jejunum and transverse colon, it is difficult 
to judge the best length for the jejunal loop. Even 
when the obstruction is proximal to the ampulla of 
Vater a gastrojejunostomy is not always satisfactory. 
Ladd (1932) and other surgeons tell of cases in which 
it proved satisfactory for a time, later the child lost 
its appetite and failed to gain weight. Ladd’s case 
showed achlorhydria. He considers the symptoms 
to be due to a reflux from the blind duodenal pouch. 
After duodenojejunostomy the child did well. 
Considering the comparative ease of its performance, 
a gastrojejunostomy for obstruction above the bile 
papilla is probably the operation of choice, even if in 
a small minority of cases it has to be superseded 
at a later date. 

When the obstruction is below the bile papilla, 
every effort should be made to avoid doing a gastro- 
jejunostomy, as it will result in the bile passing back 
into the stomach, but it may be found very difficult 
to do a jejunoduodenostomy or a duodenoduodeno- 
stomy. In an infant the duodenal wall is very thin 
and the fixity of the duodenum makes an anastomosis 
difficult. If the obstruction is in the proximal 
duodenum a duodenojejunostomy will require a 
long jejunal loop, which may constitute a danger. 
A duodenoduodenostomy is likely to be even more 
difficult and will probably require wide freeing of the 
duodenum. The difficulty of placing the stoma at 
the lowest part of the pouch formed by the obstructed 
duodenum has been commented on by several sur- 
geons. There are, however, quite a large number 
of cases recorded in which a duodenojejunostomy 
has been successful in small infants, and a smaller 
number of successful duodenoduodenostomies. Ladd 
(1932), whose wide experience gives great weight 
to his opinion, considers a duodenojejunostomy to 
be the operation of choice. 

The indications would therefore appear to be :-— 

1. Obstruction above the bile papilla. Do a 
gastrojejunostomy—either anterior or posterior, 
whichever appears easiest. 

2. Obstruction below the bile papilla. Perform 
either a duodenojejunostomy or a duodenoduodeno- 
stomy, if possible; if impracticable a_ gastro- 
jejunostomy, and expect to have to do a further 
operation at a later date in a proportion of cases. 

There are certain difficulties in performing any 
anastomosis in a newborn infant. The tissues are 
friable and very easily torn. The finest suture 
material and needles should be used. The greatest 
difficulty is the extremely small jejunal lumen. In 
cases where the obstruction is complete, especially 
if it is below the bile papilla so that no bile has 
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passed along the bowel, the jejunal lumen may be 


minute. It seems that any attempt at performing 
an anastomosis will result in a further obstruction, 
As long ago as 1904, Clogg, in describing an unsuc- 
cessful operation for duodenal obstruction, recounted 
how he distended the jejunum with air. This 
manceuvre has been used on many occasions since 
and is most helpful. Ladd (1932) describes his 
modification of Clogg’s manoeuvre. He chooses 
the site on the jejunum which is to be used for the 
anastomosis, opens the bowel lumen and inserts a 
small catheter, which is used to dilate the jejunum 
with saline; the catheter is left in place and the 
anastomosis is performed around it, the catheter 
being withdrawn as the last stitches are inserted, 
The use of clamps is unnecessary and they tend to 
get in the way. Stay sutures can be used to fix the 
bowel and stomach. The incision should be closed 
with great care. In quite a number of cases the 
wound has given trouble either by dehiscence or by 
becoming infected. The fact that many of these 
children have a still unhealed umbilicus makes asepsis 
difficult. Dehiscence is more likely to occur in a 
dehydrated patient and careful pre-operative treat- 
ment is the best safeguard against this accident. 


POST-OPERATIVE TREATMENT 


Considering that in either type of obstruction 
the procedure is fairly extensive, the babies seem to 
stand operation well. Shock should be anticipated 
by continuing adequate intravenous fluids. Any 
blood-loss should be made good immediately. The 
extrinsic cases are likely to be able to retain fluids 
by mouth soon after operation; the type of post- 
operative feeding used in pyloric stenosis is suitable 
for them. In the intrinsic type of cases, and in all 
cases where an anastomosis has been performed, it 
will be found good advice to hasten slowly. The 
stoma is small, necessarily so, its size being condi- 
tioned by the tiny jejunum. It is further narrowed 
by the traumatic cedema caused by the operation. 
It is therefore wise to rely on parenteral fluids for at 
least forty-eight hours, giving nothing by mouth 
except an occasional half-teaspoonful of water to 
moisten the mouth. Even in the absence of feeding, 
bile is likely to be vomited. If vomiting is excessive 
the stomach should be washed out and the tube 
left in place and aspirated. At the end of forty- 
eight hours a drachm of water may be given 2-hourly. 
The quantity is gradually increased and the intra- 
venous fluids proportionately lessened. If at the 
end of three days the vomiting has ceased, a diluted 
milk mixture can be started, using breast milk if 
obtainable. It seems to take about a week to get 
the child on to feeds which are adequate in quantity 
and quality. The appearance of the first milk stool, 
about the fifth or sixth day, is a satisfactory indica- 
tion that all is well. 


CASE REPORTS 


Case 1.—Female, P. D., first child, aged 9 days. 
Normal delivery. 

The baby had vomited since birth. All vomitus 
had contained bile. Changing the feeds did not affect 
the vomiting. The child had not been weighed, but 
was said to have lost a lot of weight. Meconium had 
been passed normally and one small stool since, which 
was thought to have contained milk curds. 
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s (Nestlé’s) well but did not gain weight. 





DUODENAL OBSTRUCTION 


On EXAMINATION.—A hydrated wasted baby. The 
upper abdomen was full, the lower abdomen scaphoid. 
There was well-marked gastric peristalsis. No pyloric 
tumour was felt. The temperature was 105-6°. 

DIAGNOSIS.—Ducdenal obstruction, probably incom- 

lete. A poor operative risk. The child was put on 
subcutaneous fluids, and water by the mouth. 

OPERATION (aged 10 days).—Local anesthesia. The 
abdomen was opened in the midline. An enormously 
dilated stomach was found. The pylorus was normal. 
The proximal duodenum dilated to about 1} in. in dia- 
meter. The obstruction was thought to be just below 
the bile papilla and probably of the membrane type. A 
posterior retrocolic gastro-enterostomy was performed, 





Fic. 74.—Case 2. Showing small stomach. and dilated 
proximal duodenum. Gas in the intestines and a little 
barium. 


| with an oblique stoma about ? in. in length. Two 


tows of fine catgut sutures were used. The incision 
was closed in layers. 

Post-operatively the child was put on Hartmann’s 
solution and plasma with 5 per cent glucose and frequent 
feeds of dilute Nestlé’s. She vomited frequently and 
copiously and every vomit contained bile. The tempera- 
ture rose to 103°—105° every night for a fortnight, though 
no focus of infection was discovered. At the end of 
eight days the vomiting practically ceased. The child’s 
condition was poor, the incision broke down and had to 
be re-sutured. She improved a little, and took her feeds 
Four weeks 
after the operation the baby developed frequent watery 
stools, and died five weeks post-operatively. 

Comment.—In view of later experience, it seems 
probable that the pre-operative treatment was insufficient. 

he high temperature before and after the operation, in 
spite of adequate fluids, suggests that the child had some 
focus of infection, possibly mastoiditis. The gastro- 
unostomy for an obstruction below the bile papilla 


we = ideal. Feeding so soon after operation was ill 
advised. 


Case 2.—S, H., female, aged 4 days. 

Third child of healthy parents delivered by Caesarean 
section. Birth weight 8 Ib. 2 oz. Fine healthy child. 
She had vomited practically from birth, and towards the 
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well. 
the breast feeding was discontinued, and Cow & Gate 
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end of the third day the vomiting had become projectile 
and occurred immediately after a feed. There had been 
no bile in the vomit. Meconium had been passed 
normally and afterwards a small stool of bile-stained 
mucous containing milk residue. 

On EXAMINATION.—The stomach outline was not 
seen and there was no visible peristalsis. No tumour 
was felt. The weight had dropped to 7 lb. 43 oz. 

DIAGNOSIS.—Partial obstruction, either duodenal or 
cesophageal. A catheter passed into the stomach. A 
small feed containing barium was given, and radiography 
showed the obstruction to be high up in the duodenum 
(Fig. 74). After 7 hours some barium was seen in the small 
intestine, but three-quarters of it was still in the stomach, 





. 


FIG. 75.—Case 2 at 9 months. 


Gastrojejunostomy working 
well. 


No barium passes through the obstruction. 


OPERATION (aged 5 days).—Local anesthesia. Mid- 
line incision. Findings: A rather small, thick-walled, 
fixed stomach ; pylorus normal; dilated proximal duo- 
denum. At the junction of the first and second part 
of the duodenum there was a thickening about I cm. in 
length, which felt firm and hard to the examining finger. 
The jejunum was small but not collapsed. 

Anterior gastrojejunostomy was performed, using 
two layers of continuously fine catgut sutures. The 
child stood the operation well. 

POST-OPERATIVE TREATMENT.—The baby was put on 
an intravenous drip of plasma and Hartmann’s solution 
with 5 per cent glucose. Nothing was given by the 
mouth for the first 36 hours. She vomited bile once 
during this time. Water, 1 drachm, was given every two 
hours and the drip continued. The water was gradually 
increased. On the fourth day diluted breast milk was 
given, alternately with water, every two hours and the 
drip discontinued. On the sixth day she weighed 6 lb. 
13 0z., and was returned to the breast. The wound gave 
no trouble. She was discharged three weeks post- 
operatively, having regained her birth weight. 

PRESENT CONDITION (aged 9 months).—The mother 
reports her to be a very alert intelligent child, comparing 
very favourably with the two previous children in the 
family at the same age. She is taking a weaning diet 
She has had two attacks of vomiting. One when 
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instituted, and the second when cutting her first teeth. 
Radiography at nine months shows the anastomosis 
working well (Fig. 75). No barium passes through the 
obstruction. Weight at 8 months, 18 lb. 2 oz. 


Case 3.—G. T., male, aged 4 days. Four weeks 
premature. 

Mother up in thirties. (No cause for prematurity 
stated.) Birth weight 4 lb.90z. The baby had vomited 
everything since birth. The vomiting was forcible and 


contained bile. The weight had dropped to 4 lb. I oz. 





Fic. 76.—Case 3. S 
level of superior mesenteric artery. 
Complete obstruction. 


Gas in stomach and duodenum to 
No gas in intestines. 


ON EXAMINATION.—A small moderately dehydrated, 
jaundiced infant. The stomach outline was clearly seen. 
There was well-marked gastric peristalsis from left to 
right, and below this, less well-marked peristalsis from 
right to left. No tumour was felt. A straight radio- 
graph showed the stomach and duodenum filled with gas, 
and no gas in the rest of the intestine (Fig. 76). 

DIAGNOsIs.—Complete obstruction of the third part 
of the duodenum. Probably due to faulty rotation and 
possibly complicated by a volvulus. 

All feeds were stopped and the child put on a drip 
infusion of Hartmann’s solution and 5 per cent glucose. 
He continued to vomit bile. 

OPERATION (aged 5 days).—Anesthesia: open ether. 
Midline incision. In spite of the tentative pre-operative 
diagnosis, the condition was not immediately apparent, 
the stomach and duodenum were obviously dilated, and 
the rest of the intestine collapsed. The transverse colon 
was missing from its normal situation, The small 
bowel was lifted out of the abdomen en masse. It was 
then immediately apparent (Fig. 77) that: (1) There was 
non-rotation of the midgut; (2) There was a volvulus 
involving the small intestine from the duodenojejunal 
junction to the ileocecal junction. 

The proximal limb of the volvulus only was obstructed. 
Interference with the blood-supply was minimal, the 
bowel being somewhat dusky in colour. The volvulus 
consisted of two and a half turns in a clockwise direction. 
By turning the whole mass of bowel in an anticlockwise 
direction the volvulus was easily reduced. Instantly, 
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and as if by magic, the whole length of collapsed, d:isky 
small intestine filled with gas, and assumed the s:mi- 
transparent pearly pink colour of the normal i:fant 
intestine. It was apparent that the obstruction was 
overcome. 

The arrangement of the gut could now be seen. the 
freely movable cecum was in the left upper abdoinen, 
and all the colon was on the left of the midline. The 
small intestine hung from a narrow origin around the 
superior mesenteric artery. The transverse colon des- 
cribed a loop from the cecum to the subpyloric plane 
and then back to the normally placed splenic flexure, 
No attempt was made to fix the cecum. It was decided 
that the volvulus and not the non-rotation was the cause 
of the obstruction. An unexpected finding was a cyst 
about 2 c.c. in diameter in the mesentery of the jejunum 
immediately adjacent to the duodenojejunal junction, 
It was thin-walled and on aspiration yielded clear fluid, 
No attempt was made to remove it. The incision was 
closed in layers. 

POST-OPERATIVE PROGRESS.—The child stood the 
operation very well. The intravenous Hartmann’s 
solution was continued for 36 hours. Feeds of half- 
strength breast milk, 1 drachm, were started after 12 
hours and rapidly increased in quantity. There was 
no post-operative vomiting. The bowels moved on the 
third day. The wound healed firmly. The birth weight 
was regained on the tenth post-operative day. Owing 
to an error the mother was given stilboestrol and the 
breast milk failed. The baby was put on half-cream 
Cow & Gate; he took his feeds well, gained weight 
steadily, and the bowels were normal. At 7 weeks of 
age he was re-admitted, having vomited several times ; 
the vomit contained bile. A radiograph after barium 
showed the abnormal intestinal pattern. No definite 
obstruction. 
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Fic. 77.—Case 3. Diagram showing volvulus of small 
bowel and non-rotation condition found at first operation. No 
attempt has been made to show the mesenteric cyst. 


The possibilities appeared to be: (1) Recurrence of 
the volvulus; (2) Obstruction due to non-rotation; 
(3) The cyst had enlarged and was pressing on the gut. 

It was noticed that the baby’s abdomen was rather 
distended and that he resented palpation. There were 
visible subcutaneous veins in the epigastrium. The 
symptoms subsided, the vomiting stopped, the bowels 
moved, and the baby gained weight. He was discharged 
after five days in hospital. A fortnight later, at 10 weeks 
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DUODENAL OBSTRUCTION 


of age, he was again admitted with constipation, bilious 
vomiting, and some loss of weight. The abdomen was 
distended, and there was a vague mass in the right lower 
abdomen. It was obvious that the baby was suffering 
from intestinal obstruction. 

SECOND OPERATION (aged 10 weeks).—Ether anes- 
thesia. Incision through right rectus muscle. A wide- 
spread plastic peritonitis was found, with multiple 
obstructions. The condition was not unlike a tuberculous 
peritonitis. There were enlarged glands in the mesen- 
tery. Several portions of bowel were grossly distended 
and hypertrophied, reminiscent of regional ileitis. The 
adhesions were so dense and so widespread that the 
jejunal cyst could not be identified. A piece of omentum 
was removed for section. The abdomen was closed. 
The child died 24 hours later. Permission for post- 
mortem was not obtained. 

The section of tissue removed at operation showed 
inflammatory changes only and nothing specific. The 
possibility that the cyst had ruptured and given rise by 
irritation to a plastic peritonitis cannot be excluded. 
It seems likely that the acute phase of the peritonitis 
was during the child’s second stay in hospital. It is 
perhaps worth mentioning that at about this time two 
other bottle-fed infants were seen with identical sym- 
ptoms. One child recovered, the other died, and post- 
mortem revealed a condition of widespread plastic peri- 
tonitis of non-specific origin. Case 3 is of very great 
interest. Apart from the non-rotation and the volvulus, 
there was a cyst of the jejunum, so placed that it may 
have obstructed the return of the pre-arterial loop through 
the umbilical ring, and have been the cause of the faulty 
rotation. The case appears comparable to that of 
Hunter (1922). Analysis of the contents of the cyst 
showed a clear fluid containing a trace of albumin. 


Case 4.—C. S., male, aged 9 days. 

One healthy older brother. Normal delivery. Birth 
weight 9 lb. Fed on Nestlé’s. The child had vomited 
every feed since birth, but it was thought that he had 
kept down a little water. The vomiting was projectile, 
the vomitus had never contained bile. Meconium had 
been passed normally, and thereafter a stool had been 
passed which was thought to have contained milk residue. 
Of late the bowels had been constipated, except for the 
passage of an occasional small stool consisting of bile. 
The child had had several attacks of severe cyanosis. He 
had lost over a pound in weight. 

On EXAMINATION.—He was a fine child. There was 
slight cyanosis of the face, and the hands and feet were 
purplish. He was dehydrated, but his condition was 
temarkably good. The upper abdomen was full, the 
outline of the stomach was clearly seen. There was well- 
marked gastric peristalsis; no pyloric tumour was felt. 
Rectal examination brought away some dark bile. The 
diagnosis lay between pyloric stenosis of unusually 
early onset and duodenal obstruction above the bile 
papilla. 

A straight radiograph showed air in the stomach and 
practically none in the intestine. A radiograph after 
barium showed an enormously dilated stomach and 
proximal duodenum, and failure of the barium to pass 
into the distal duodenum (Fig. 78). 

Radiography also showed partial collapse of the upper 
lobe of the right lung. The child was put on an intra- 
venous drip of Hartmann’s solution and 5 per cent 
glucose. Feeding by mouth was discontinued. 

OPERATION (aged 10 days).—Anesthetic, infiltration 
with novocain and open ether. 

The stomach was greatly dilated, the pylorus normal, 
the proximal duodenum was dilated to about I in. in 
diameter. The transverse colon was normal in position. 
The obstruction was thought to be of the diaphragm 
type, in the second part of the duodenum, and just above 
the bile papilla. A posterior retrocolic gastrojejunostomy 
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was performed. Fine silk was used both for all coats and 
for the seromuscular layer. No further areas of stenosis 
in the distal intestine were found. The incision was 
closed in layers, The child stood the operation well. 
POST-OPERATIVE PROGRESS.—The intravenous fluids 
were continued. The baby vomited bile in small amounts 
several times during the first 24 hours. After 48 hours 
a drachm of water every two hours was started, gradually 
increasing to 4 oz. 2-hourly. The vomiting did not 
recur. After three days weak Nestlé’s was given at 
alternate 2-hourly feeds. The intravenous drip was 





Fic. 78.—Case 4. After barium, very large stomach and 
obstruction in proximal duodenum. No barium has passed 
the obstruction, but there is a little gas in the intestines. 


discontinued as the leg was swollen. At the end of 
seven days he was taking 3 oz. of 1-8 Nestlé’s 3-hourly. 
He looked remarkably well, there was no vomiting. A 
milk stool was passed on the fifth post-operative day. 
The wound healed securely. He was discharged on the 
tenth post-operative day having gained weight. X-ray 
examination showed improvement in the lung condition. 

Four weeks after operation, at 54 weeks, he weighed 
103 lb. He occasionally ‘ posseted ’ after a feed. 

At 44 months he was taking Humanized Cow & Gate 
and weighed 12 lb. 

His weight gain has been rather slow, otherwise he 
appears to be a normal infant. 

Comment.—The obstruction was subtotal, and it 
seems very doubtful if any milk ever passed the obstruc- 
tion. On the other hand, the infant’s condition after 
nine days was reasonably good, which suggests that he 
did absorb some fluid. The diagnosis was not, pre- 
operatively, so clear-cut as in previous cases. The 
absence of gas in the lower intestine in the straight X-ray 
picture was the most helpful single sign. 


SUMMARY 


Duodenal obstruction in the newborn has been 
discussed and its history briefly reviewed. The 
differences in the intrinsic and extrinsic type of 
case have been detailed, and the anatomy and 
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FIG. 79.—Post-mortem photograph of child which died 


at 3 weeks of age. Obstruction of second part of duodenum, 
showing dilated stomach and proximal duodenum. Sir Cecil 
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diagnosis has been suggested and aids to diagnosis 
mentioned. The operative treatment has bee, 
discussed at some length. Pre- and post-operatiye 
treatment have been suggested. 

Four personal cases of duodenal obstruction jp 
newborn infants have been described. In three of 
the four cases the obstruction was of the intrinsic 
type, and in one extrinsic. In the intrinsic case 
the obstruction was above the ampulla of Vater jp 
two cases, below in one. In two cases it was ip. 
complete, and in one it was complete or subtotal, 

The extrinsic case was completely obstructed, 
As well as a volvulus of the whole of the small intes. 
tine and non-rotation, this child had a cyst of the 
jejunum which may have been the cause of the 
faulty rotation. 

Of the four babies, two were girls and two were 
boys. One child (Case 1) died five weeks after 
operation of gastro-enteritis. Case 3, the extrinsic 
case, died of intestinal obstruction, probably not 
associated with the original condition, six weeks 
after the first operation. Cases 2 and 4 are still 
alive and well at the time of writing; only Case 2 
is taking solid food. 


I should like to thank the physicians, obstetr- 
cians, and practitioners to whom I owe the oppor. 
tunity of treating these cases; the radiologists for 
their helpful reports ; the Resident Medical Officers 





























Jouner) case. (Reproduced by permission of the “ Clinical who gave constant help and administered the 
‘ournal ”’, 
Table I.—CASES SUCCESSFULLY TREATED BY AN ANASTOMOSIS 
| 
OPERATOR | AGE | SEX| ABNORMALITY PROCEDURE 
1. Ernst (1916) 11 d. | M.| Below ampulla Duodenojejunostomy 
2. Cutler (1927) 4d. | Post. gastrojejunostomy 
3. Richter (1924) 4d. | | Post. gastrojejunostomy 
4. Bolling (1928) oa. 15.4 Duodenojejunostomy 
5. Porter and Not stated 
Carter (1927) 
6. Weeks and 6 d. | 3rd part of duodenum | Gastroenterostomy 
Delprat (1927) | 
7. Sweet and 10 d. | 3rd part of duodenum | Gastro-enterostomy. 
Robertson | | Ant. gastrojejunostomy, 
(1927) | | | 21st day 
8. Donovan (1936) 9d. | | 3rd part of duodenum | Ant. duodenojejunostomy 
9. Donovan (1936) | 17 d. | M. | 
10. Morton and 4d. | | 3rd part of duodenum | Ant. duodenojejunostomy 
Jones (1936) | | Post. gastro-enterostomy 
11. Miller (1939) 8d. | | 3rd part of duodenum | Duodenojejunostomy 
| | | 
12. Miller (1939) | | | Duodenojejunostomy 
13. Stetten (1940) | 3d. | M. | Duodenojejunal | Duodenojejunostomy 
junction 
14. Feggeter (1940) | 11 d. | F. | 2nd and 3rd parts of | Gastro-enterostomy 
| duodenum | 
15. Ward and 5 d. | F. | Below ampulla | Duodenoduodenostomy 
Cooper (1943) 
16. Higgins (1923) 22d. | M. | 3rd part of duodenum | Post. gastrojejunostomy 
| | 
17. Steward (1925) 3d. | Post. gastrojejunostomy 
18. Brown (1935) 21d. | M. | Post. gastrojejunostomy 
19. Abel (1922) 8 w. | Post. gastrojejunostomy 
20. Tallerman and | 11 d. | M. | Ant. gastrojejunostomy 
Levi (1938) and jejunostomy later 
21. Sumner and sd. | M. |} Post. gastrojejunostomy 
Morris (1945) | 
22. Kelly (1941) 4d. F. | Below ampulla | Duodenoduodenostomy 
23. Loughbridge M. | Below ampulla Gastrojejunostomy 
(reported by | 
Leitch, 1945) 





24. Ladd (1937) 


6 cases successfully treated by duodenojejunostomy 
I case successfully treated by gastrojejunostomy 
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AFTER SYMPATHECTOMY AND ITS EFFECTS 
RAYNAUD’S DISEASE* 


By H. A. HAXTON 


FROM THE NEUROVASCULAR DEPARTMENT, MANCHESTER ROYAL INFIRMARY 


THE subject of operation on the sympathetic chain 
in cases with vasospastic attacks of the Raynaud type 
lS One on which there is no unanimity of opinion 
among surgeons. At the one extreme are those who 
have given sympathectomy a limited trial, have seen 
some relapse after operation, and have thereafter con- 
demned operation as useless in this condition ; they 
adopt the fatalistic view that regeneration is inevit- 
able. At the other extreme are those who claim that 
the great majority of cases are markedly benefited, and 
that regeneration never occurs when operation has 
been complete. The investigation which I am re- 
Porting, carried out on the relatively large numbers 
of cases treated and followed up with meticulous 
care since 1931 in the Neurovascular Clinic of 
Professor E. D. Telford at Manchester Royal Infirm- 
ary, Is an attempt to assay the outcome of sym- 
Pathetic section, particularly in relation to the 
clinical course of Raynaud’s disease, and to explain 

*A Hunterian Lecture delivered at the Royal College 
of Surgeons of England, Jan. 23, 1947. 








the facts encountered. The problems to which I 
have tried to find an answer are these :— 

1. What is the extent and completeness of sympa- 
thetic denervation shortly after the standard opera- 
tions on the sympathetic chain ? 

2. What differences are found after the lapse of 
months and years ? 

3. How are these differences related to the post- 
operative relapse in Raynaud’s disease ? 


METHODS 


The first essential was to find suitable methods 
for demonstrating sympathetic activity in the extremi- 
ties, and the principal method used was the measure- 
ment of the skin electrical conductivity. This test 
depends on the fact that sweating skin, containing 
water and electrolytes, conducts electricity much 
more readily than does dry skin which has an elec- 
trical resistance running into millions of ohms. 
Since sympathectomy, by cutting off all thermo- 
regulatory sweating, results in a dry skin, the area 
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of sympathetically denervated skin can be easily 
and quickly determined by this method. The 
apparatus (Fig. 80) is a very simple one, consisting of 





Saco ee, 


Fic. 80.—The apparatus for measuring skin electrical 
conductivity. 


a sensitive micro-ammeter, a dry-cell battery of 4:5 
volts, and two electrodes. One of these is a lead 
plate covered with a pad of lint soaked in saline and 
applied to the patient’s axilla, and the other is a zinc 
disk, 4 in. in diameter, and mounted on an ebonite 
handle, for application to the selected part of the 
body’s surface. A more elaborate instrument has 
been used in America by Richter and co-workers 
(1927, 1930, 1937) and by Smithwick (1940) to 
measure the precise electrical resistance of the skin. 
This dermohmeter, as it is called, is described by 
Levine (1933). Such accuracy is, however, unneces- 
sary for most practical purposes. In determining 
the extent of sympathetic denervation the patient is 
heated in a radiant heat box until the trunk is sweating 
and the test is then carried out by applying the 
movable electrode to the skin at different points and 
recording the line of demarcation between areas of 
high and low conductivity. I have found this method 
to be quicker and more precise than the methods 
depending on colour changes, such as the starch- 
iodine test of Minor and the quinizarin test of 
Guttmann. It avoids, too, the reactions of the 
nursing staff on finding their snow-white linen 
stained a mottled brown or purple at the conclusion 
of the test ! 

The skin of the palmar surface of the hand and 
fingers, and of the plantar surface of the foot and toes, 
is normally moist and has a relatively low electrical 
resistance. A profound change occurs when the 
sympathetic activity is interrupted, the resistance 
increasing a hundredfold or more. Testing of the 
digits can, therefore, be done without any heating of 
the body, and gives a good indication of the degree 
of sympathetic activity in the extremity. 

The skin temperature of the digits is a fairly 
accurate guide to the state of the circulation through 
them, and its measurement was used, in parallel 
with the measurement of the skin electrical conduc- 
tivity, to determine sympathetic activity in the digits. 
After a careful comparison of the two methods I 
concluded that the electrical conductivity test was 
simpler and more delicate in its indication of 
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sympathetic activity in the digits than was the skip 
temperature test. Furthermore, the latter is not 
readily applicable to the more proximal parts of the 
limbs where the changes in surface temperature, as q 
consequence of sympathectomy, are slight ; therefore 
it cannot be used to demarcate the zone of sympa- 
thetic denervation. 

In the investigation of the older cases and some 
of the recent cases nerve-blocks with 2 per cent 
procaine were extensively used, in conjunction with 
the above tests, to determine the presence or absence 
of sympathetic activity. The block employed in the 
upper limb is of the ulnar nerve behind the medial 
epicondyle, and in the lower limb the posterior tibial 
nerve has been blocked behind the medial malleolus, 
Each of these blocks produces, in the normally 
innervated limb, a marked rise in temperature and 
fall in electrical conductivity in the cutaneous distri- 
bution of the nerve, due to paralysis of the vaso- 
constrictor and sudomotor fibres. Some observers 
(Simpson, Brown, and Adson, 1931; White, 1942) 
have concluded that to ensure complete sympathetic 
release in the fifth finger it is necessary to infiltrate 
the base of the finger or to block the median nerve, 
in addition to block of the ulnar nerve. This has 
not been my experience. 

A new technique of investigation was devised 
and used in certain of the upper limb cases. This 
was the paravertebral injection of 3 c.c. to § c.c. of 
a radio-opaque analgesic solution round the upper 
thoracic portion of the sympathetic chain. The 
solution used was 2 per cent procaine in §0 per cent 
‘ pyelosil ’, one of the non-irritating diodone prepara- 
tions used for pyelography and arteriography. The 
technique of injection was founded on that of Labat 
(1923), a wheal of anesthetic solution being raised 
at the level of the third thoracic spine, 6 cm. from 
the midline, and an 8-cm. needle introduced forwards 
and medially, above or below the third rib, to strike 
the vertebral body at a tangent. The radio-opaque 
injection is deposited at this site, and postero-anterior 
radiographs are taken as soon as a Clinical effect, 
warming and drying of the hand, appears. (The 
warning must be issued that diodone is actually 
irritating and damaging to nervous tissue, and should 
not be injected intrathecally or near somatic nerves). 


RESULTS 


Controls.—Six normal controls were tested by 
the skin electrical conductivity method after strong 
heat had induced generalized sweating. Except when 
sweating was very profuse the conductivity varied in 
different parts of the body, being least in the upp¢ 
part of the thorax and in the buttock regions. These 
gradations are important because they simulate, 1 
some extent, the findings in sympathectomized 
patients, since in the latter the lines of demarcation 
between sweating and dry skin are in the upptt 
thorax and buttock regions. There is, however, 00 
definite line of demarcation between areas of high 
and low conductivity in normal subjects. 

Recent operations.— 

a. Head and Neck.—Section of the cervical chai 
below the superior cervical ganglion produces a 
hydrosis of the affected side of the head, face, neck 
and upper thorax to below the clavicle. This cores 
ponds to the distribution of the fifth cranial nerv 
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and the first three cervical dermatomes, and agrees 
with the findings of Guttmann (1940). There was, 
of course, a pronounced Horner’s syndrome on each 
of the five sides examined. 

b. Upper Limb.—The operation used for the 
upper limbs is the Telford (1935) procedure of section 
of the thoracic sympathetic chain at the level of the 
third rib, by the anterior approach, with dislocation 
of the upper end of the chain and division of the rami 
from the second and third thoracic nerves. Follow- 
ing this there is thermoregulatory anhydrosis in the 
upper limb and in the upper thorax down to the 
level of the third intercostal space, with complete or 
almost complete absence of sudomotor activity in the 
head and neck. This operation is not followed by a 
Horner’s syndrome since the connexions of the 
cervicothoracic ganglion, including the first thoracic 
white ramus communicans, remain intact. 

The immediate effect of the operation is a hand 
which is dry and hot, the skin temperature being only 
slightly below blood heat, even on exposure to cool 
air, if no occlusive disease is present. A decline in 
temperature begins, however, usually on the second 
or third day, with frequently a sharper fall on the 
fifth or sixth day, until a temperature several degrees 
above the pre-operative level is reached. Since a 
parallel course is followed in the oposite unoperated 
extremity, the fall in temperature must be due to the 
recovery of autonomous tone in the muscle of the 
arterioles when the circulation of vasodilator 
products of tissue damage has ceased. 

Following the Telford operation the electrical 
conductivity of the digits is uninfluenced by strong 
heating of the rest of the patient’s body or block of 
the ulnar nerve or of the stellate ganglion, so that 
there is no doubt that sympathetic activity in the hand 
is completely abolished by the operation. This is 
the answer to those who claim that denervation of the 
upper limb is often incomplete after the standard 
operations. This criticism was certainly true of the 
operation of stellate ganglionectomy performed by the 
posterior approach, because the ganglion lies in front 
of the spinal nerves, which must be treated with great 
gentleness. It is therefore difficult to make certain 
of the division of all the rami communicantes and the 
removal of the whole stellate ganglion when the pos- 
terior approach is used. Furthermore, the presence 
of a Kuntz nerve from the second thoracic ganglion 
to the first thoracic nerve would cause an incomplete 
result if only the stellate ganglion was removed. 

c. Lower Limbs.—For the lower limb the operation 
performed is the removal of a segment of the lumbar 
chain from 3 cm. to 6 cm. in length, centred on the 
third lumbar vertebra, usually by the extraperitoneal 
approach. This operation frequently resulted in the 
pattern of anhydrosis shown in Fig. 81, the result of 
a starch-iodine sweating test one week after a right 
lumbar sympathectomy. The anhydrotic area in- 
cludes the foot and leg, except for a strip down the 
medial side extending below the medial malleolus, 
and includes also the back of the thigh and the lower 
Part of the buttock region. ‘This pattern was found 
M cases in which the upper limit of section of the 
sympathetic chain was below the third lumbar gan- 
glion, which, I believe, often lies opposite the second 
lumbar vertebra. In cases in which the upper section 
was above the third ganglion the sweating zone 
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stopped just below the knees. It is apparent from 
this observation that the third lumbar ganglion pro- 
vides the whole sympathetic supply to the strip of 
skin on the medial side of the leg. Now, as Foerster 
(1933) has shown, this strip is the part of the third 
lumbar dermatome which is not overlapped by 
adjacent nerves. The conclusion is that the third lum- 
bar dermatome receives its postganglionic fibres only 
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Fic. 81.—The result of Minor’s starch-iodine sweating 
test one week after right lumbar sympathectomy. 


from the third lumbar ganglion. This agrees with 
the findings of Richter and Woodruff (1941), and as 
a result of this knowledge we can tell the upper limit 
of sympathetic section in any case by determining 
the extent of the anhydrotic zone. 

Following lumbar sympathectomy the electrical 
conductivity and temperature of the digits showed no 
response to heating the rest of the body, or to block- 
ing the posterior tibial nerve with procaine. This 
proves that there is no sympathetic activity in the 
digits after the operation. 

In passing, I should like to comment on the oft- 
repeated statement that lumbar sympathectomy is 
entirely a preganglionic operation for the foot. 
Actually, the fourth lumbar dermatome, supplied 
with postganglionic fibres from the fourth lumbar 
ganglion, reaches down the medial side of the foot 
and includes the great toe (Foerster, 1933). Since 
the fourth lumbar ganglion is often removed, the 
operation in these cases is postganglionic for this 
area of the foot. 

Late Results.—Tests were carried out on 46 
upper and 38 lower limbs up to fourteen years after 
operation by the methods described, and the results 
are shown in Table I. 

Of the 7 sweating limbs in the ganglionectomy 
cases, 4 were noted at the time of operation to be 
incomplete removals of the ganglion with failure of 
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Table I.—RESULTS FROM ONE TO FOURTEEN YEARS AFTER 
SYMPATHETIC SECTION (46 UPPER, 38 LOWER LIMBS) 
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SWEAT- CONDUCTIVITY 
SYMPA- 
No. ING THETIC 
OPERATION OF NOTICED if AcrTIv- 
LIMBS BY N Ha ory 
PATIENT or- | Nor- | Less 
mal mal 
| | 
Cervicothoracic | I5 7 4 6 4 15 
ganglionectomy | | 
Thoracic section | 3x II 4 | 20 7 | 31 
Lumbar sympa- | 38 4 Ss | a7 | 46 | 31 
thectomy | | 
improvement. The majority of cases showed at least 


one-half of the normal conductivity, but only a few 
reached normal. (The normal is a standard from 
which there are great variations, but the majority of 
normal limbs tested showed a digital conductivity of 
at least 50 micro-amperes under the conditions of the 
test ; 50 was therefore accepted as the normal figure.) 

It is a striking fact that in all the limbs tested, 
with the exception of 7 lower limbs, return of sympa- 
thetic activity could be demonstrated. This is par- 
ticularly noteworthy in the lower limbs, which have 
been generally regarded as immune from the return 
of sympathetic activity. What are the criteria by 
which this return can be judged ? 

1. The response to procaine block of a peripheral 
nerve. For example, L. W., a female weaver aged 40, 
had severe Raynaud attacks for five years. The 
Telford operation was performed for the left hand 
in March, 1938, and for the right hand in May, 1938, 
and in March, 1939, she had a bilateral lumbar 
sympathectomy. She has remained much improved, 
with only occasional pain in the fingers in cold 
weather. In May, 1938, the left ulnar and median 
nerves were blocked, and no rise of temperature 
resulted (Simmons and Sheehan, 1939). In July, 
1945, block of the left ulnar nerve at the elbow 
resulted in rapid flushing of the medial one and a 
half fingers and the medial side of the palm, and the 
temperature of the little finger rose by 10°C.; its 
electrical conductivity was reduced 25:1. Block of 
the right posterior tibial nerve resulted in flushing of 
the sole and toes, and a rise of temperature in the 
digits of 10°C.; the electrical conductivity was re- 
duced 50:1. The conclusion is that sudomotor 
and vasoconstrictor activity, which was absent two 
months after operation, had returned in the main 
nerves of the limbs six and seven years later. 

2. The second criterion for returned sympathetic 
activity in a limb is the return of reflex vasodilatation 
and sudomotor activity on heating the rest of the 
body, a response which is absent soon after sympa- 
thectomy. 

3. Thirdly, is paravertebral block of the sympa- 
thetic chain. An example of the use of this test is 
in the case of C. W., a female typist, who had the 
Telford operation on both sides in December, 1941, 
for acrocyanosis with very severe chilblains. When 
seen in December, 1945, she remained improved, 


but the fingers of both hands were blue and painful . 


in cold weather. The left hand was found to be 
slightly moist. Paravertebral injection of 4 c.c. of 
procaine in 50 per cent pyelosil on the left side below 
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the level of the third rib, resulted in warmth, redness, 
and dryness of the left hand in three minutes. ‘1 ‘here 
was no trace of Horner’s syndrome, and no sensory or 
motor disturbance. Fig. 82 is the radiograph of the 





Fic. 82.—Radiograph after paravertebral injection, showing 
injection fluid on the left side extending up to the level of the 
second rib. 


chest, the upper level of the injection showing at the 
level of the second rib. It is apparent both from 
radiographic and clinical evidence (the absence of 
Horner’s syndrome) that the cervicothoracic ganglion 
and the first thoracic rami were unaffected by the 
anesthetic, and yet a rise of digital temperature of 
14°C. resulted, and a reduction of digital electrical 
conductivity 40:1. Block of the ulnar nerve 
produced no further change, indicating that the 
sympathetic paralysis by the paravertebral block was 
complete. 


DISCUSSION 


The question naturally arises, to what is this 
well-nigh invariable return of sudomotor and vaso- 
constrictor activity due? Several theories have been 
advanced in the past, more particularly concerning 
the upper limb, in which the return of activity has 
been recognized. 

I. Kuntz and his co-workers (1938, 1942) have 
supported the view that the sympathetic activity 
observed after operation is due to the presence of 
undivided fibres from the first thoracic spinal seg- 
ment to the upper limb. In favour of this theory 
is some experimental work in animals, of doubtful 
application to man, and against it is the evidence of 
complete absence of sympathetic activity in the upper 
limb in the early weeks after the Telford and similar 
operations, the fact that cervicothoracic ganglion- 
ectomy does not give freedom from the return of 
activity although in this operation there is no doubt 
that all the rami from the first thoracic nerve are cul. 
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Paravertebral block disproves this theory because a 
complete sympathetic paralysis can be produced in the 
hand without an accompanying Horner’s syndrome. 

2. In the cases with upper limb preganglionic 
section, the intact preganglionic fibres in the first 
thoracic white ramus communicans may form synapses 
with the cells in the cervicothoracic ganglion and so 
come to innervate the upper limb. There is evidence 
of such a functional reorganization in cats following 
the operation (Geohegan and Aidar, 1942). This 
theory does not, however, explain the recovery of 
sympathetic activity after cervicothoracic ganglion- 
ectomy or lumbar sympathectomy, in both of which 
operations the postganglionic fibres to the limbs are 
isolated from all preganglionic fibres. The theory 
is dealt another blow by the fact that paravertebral 
block can abolish sympathetic activity without affect- 
ing the first thoracic sympathetic outflow. 

3. Schwartz (1934) demonstrated local sympa- 
thetic reflex activity in the forepaws of cats which 
was mediated by the cervicothoracic ganglion and 
its grey rami communicantes. This cannot be the 
explanation of the activity observed months or years 
after preganglionic section in man, since it does not 
apply to ganglionectomy cases and does not explain 
the results of paravertebral block. (Smithwick, 1940, 
found evidence of ganglionic activity a few days after 
preganglionic section and I have confirmed this find- 
ing. It is a purely transient phenomenon and is 
probably due to stimulation of the ganglion cells 
by degenerating preganglionic fibres.) 

4. It has been suggested that, following operation, 

nerve-fibres normally present in the spinal nerves, 
such as the little-understood posterior root vaso- 
dilator fibres, may gradually assume vasoconstrictor 
and sudomotor functions. This theory would ex- 
plain the return of sweating and vasoconstriction 
and their abolition by peripheral nerve-block. But 
paravertebral block shows that the responsible fibres 
do not leave the spinal cord in the roots going to the 
brachial plexus, since complete sympathetic paralysis 
in the hand is achieved without any disturbance of 
sensory or motor functions in the limb. 
__ 5. Regeneration of the divided sympathetic fibres 
1s the only postulate which can explain the findings, 
and it is supported by the large mass of evidence 
from animal experiments which testifies to the un- 
canny power of regeneration possessed by the sympa- 
thetic fibres (Pye-Smith, 1887 ; Langley, 1895, 1897, 
1900 ; Tuckett, 1896 ; Kilvington and Osborne, 1907 ; 
Tsukaguchi, 1915; Machida, 1929). It has been 
shown, (Lee, 1929), for example, that the fibres in 
the divided cervical sympathetic chain can find their 
way through the interposed sternomastoid muscle to 
teconnect with the superior cervical ganglion cells. 
In a recent review Grimson (1946) reported un- 
Published studies in which, months after sympa- 
thectomy in dogs, regenerating fibres were found 
growing out from divided rami, through the scar 
Ussue, to reconnect with the distal parts of the sympa- 
thetic chain. The bundles of regenerating fibres 
| Were at first thin, but in animals examined longer 
| after operation they formed quite thick strands. This 
xperimental evidence renders unlikely the theory 
that the recovery of sympathetic activity in man is 
due tc a return of function to sympathetic fibres left 
bruised but undivided by the operation. 


The clinical evidence in favour of regeneration 
is as follows :— 

1. There is a period of complete absence of 
sympathetic activity for three to eighteen or more 
months after operation, followed by a gradual return 
in nearly every case. 

2. The period of freedom is longer in ganglion- 
ectomy cases, and in these the returning fibres have 
a much greater distance to cover than in cases of 
preganglionic section. 

3. The Horner’s syndrome diminishes in gan- 
glionectomy cases when sympathetic activity returns 
to the upper limb. 

4. Paravertebral block produces complete sympa- 
thetic paralysis in the hand without any sensory or 
motor disturbance. Therefore the sudomotor and 
vasoconstrictor fibres come from the sympathetic 
chain. This test also shows that the fibres come 
from below the first thoracic segment ; they probably 
come from the lower divided end, which is the main 
supply to the upper limb. There is no reason to 
suppose that the return of sympathetic activity in 
the lower limbs does not result from a similar regen- 
eration from the divided lumbar chain, although it 
seems fantastic that the fibres can bridge the gap 
of two or more inches left after lumbar sympathec- 
tomy and presumably filled with scar tissue. It is 
indeed unfortunate that Nature should have arranged 
that the sympathetic fibres, which we wish to sever 
permanently, should almost invariably regenerate, 
while despite all the surgeon’s art divided sensory 
and motor fibres regenerate very imperfectly as a 
rule. 

It must be emphasized, however, that although 
the returned sympathetic activity can nearly always 
be demonstrated by the delicate tests employed, in 
many of the limbs, the lower in particular, the skin 
remains warm and dry to the touch, with no clinical 
evidence of regeneration. It is understandable that 
only a few of the many divided fibres should find 
their way past the hazard of intervening scar tissue. 

Raynaud’s Disease.—The bearing of this return 
of sympathetic activity on the post-operative course 
of Raynaud’s disease must now be considered. The 
term ‘ Raynaud’s disease ’ is here used to cover cases 
of primary vasospasm in the extremities in the absence, 
at least initially, of demonstrable organic change in 
the local tissues or blood-vessels. This excludes the 
attacks which are frequently seen in cases of arterio- 
sclerosis and thrombo-angiitis obliterans, and in cases 
of sclerodactyly. 

The upper limb cases examined by me confirm 
the now well-recognized results of operative treat- 
ment. Except in one or two bad cases the hands 
have remained warm and without spasm for a period 
of from three to eighteen months after operation and 
have then undergone relapse to a varying degree. 
The results have been estimated as ‘ good’ in cases 
in which the relapse has been slight, amounting, 
perhaps, to occasional attacks of blueness in the 
fingers in cold weather, and the hand remains much 
improved; ‘fair’ when relapse is more severe but 
the patient still finds the hand considerably improved 
by operation ; ‘ bad’ when the white spasms return 
with almost pre-operative severity and the patient 
experiences little or no permanent benefit from the 
operation. In only two cases did the patients think 
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the hands had reverted completely to their pre- 
operative condition; in the others there was less 
pain and interference with function, and the attacks 
were less frequent and not so severe. The lower 
limb cases have been similarly classified, and the 
results from one to fourteen years after operation 
are shown in Table II. 


Table II.—LATE RESULTS IN RAYNAUD’S DISEASE 























OPERATION Goop FAIR BaD 

= as we 
Upper limbs Ganglionectomy 5 7 
Preganglionic section 9 3 II 
Lower limbs Lumbar sympathectomy 16 4 





It is apparent that there is no significent difference 
between the late results of ganglionectomy and those 
of preganglionic section for the upper limb. Earlier 
reports, more favourable to the preganglionic opera- 
tion, have not been substantiated. 

It is also clear that the results in the lower limb 
are much superior to those in the upper limb, a 
finding already well known. Nevertheless, the lower 
limb results were by no means perfect, and some cases 
of severe relapse were seen. In cases in which all 
the limbs had been sympathetically denervated the 
usual finding was that the hands relapsed earlier and 
more severely than the feet. 

Among the theories put forward to explain the 
clinical relapse in Raynaud cases are :— 

1. Failure to produce complete sympathetic de- 
nervation. 

2. Functional reorganization 
thoracic ganglion. 

3. Sensitivity of the sympathetic nerve-endings 
to adrenaline. 

4. Abnormal sensitivity of the arteries to cold. 

5. Regeneration of sympathetic fibres. 

The first and second of these theories have already 
been disproved. The adrenaline sensitivity theory 
(Freeman, Smithwick, and White, 1934 ; Smithwick, 
Freeman, and White, 1934; Grant, 1935; Ascroft, 
1937) was discounted as the correct explanation by 
Simmons and Sheehan (1939) when they showed that 
the sensitivity is maximal in the early post-operative 
period and has almost completely passed off six months 
after the operation—that is, before manifestations of 
clinical relapse begin to appear in the majority of 
cases. 

Lewis’s (1929) theory of abnormal sensitivity of 
the digital arteries to cold was introduced to explain 
the attacks of white spasm which he was able to induce, 
within a few days of successful sympathetic section, 
by immersion of the fingers in cold water. My 
observations agree with those of Simmons and Sheehan 
(1939) that only a small proportion of cases give this 
response to cold in the early post-operative days. 
This theory does not cover the cases in which spasms 
are brought on by excitement, even in the absence 
of cold, and alone it certainly does not explain why 
the majority of cases show relapse only after a period 
of several months of complete freedom from attacks. 


in the _ cervico- 


In their tests by ulnar-nerve block, with measure- _ 


ment of digital skin temperatures, Simmons and 
Sheehan (1939) showed that cases of late clinical 
relapse all had a definite return of vasomotor activity 
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after a period of complete freedom from it, and the 
return of vasoconstrictor tone coincided with. or 
shortly preceded, the clinical manifestations of relapse, 
They therefore showed that an important factor was 
the return of vasoconstrictor activity in the main 
nerves of the upper limb. 

The investigations reported here have revealed 
a number of points which throw light on the cause 
of clinical relapse. They have confirmed the con- 
clusion of Simmons and Sheehan that all cases show- 
ing late relapse have a well-established return of 
vasoconstrictor activity in the main nerves of the 
upper limb. : 

They have further shown that a close relationship 
exists between the return of vasoconstrictor and sudo- 
motor activity, suggesting that sympathetic activity 
as a whole returns in these cases. 

That this returned sympathetic activity is due to 
regeneration of sympathetic fibres from segments 
below the first thoracic has been proved beyond doubt 
by the paravertebral sympathetic blocks. 

Although all cases of clinical relapse show regen- 
eration of sympathetic fibres, this inquiry has shown 
that this is not the whole explanation of relapse, 
because well-marked regeneration may occur in the 
upper limb without any clinical relapse, and 
serious relapse may develop in spite of very incomplete 
regeneration. Furthermore, as has been shown here 
for the first time, regeneration of sympathetic fibres 
and a corresponding return of activity is almost as 
common, and often as complete, in the lower as in 
the upper limbs, and yet the former are almost 
always completely free from serious clinical relapse. 

In order to explain clinical relapse in the light 
of this information it is necessary to concede that 
two factors are of importance in the production of 
Raynaud spasms, vasoconstrictor sympathetic activity 
and local sensitivity of the vessels to cold. The 
relative importance of these two elements undoubt- 
edly varies in different cases. In those which show 
attacks of spasm in response to excitement or fear, 
even in warm surroundings, sympathetic activity pre- 
dominates. These are the cases which should be 
expected to do well after operation because sympa- 
thetic activity rarely returns fully after surgical 
interruption. On the whole, expectations are real- 
ized. An example is the case of M. G., a female 
machinist aged 54, whose attacks were brought on 
by the bombing of Manchester in February, 194I. 
The toes and fingers developed gangrenous patches 
at the tips. Sympathetic denervation of all the limbs 
was carried out in February and March, 1942, and 
since then there has been no return of white spasms, 
and no symptoms in the hands or feet. 

At the other extreme are the cases which show 
white spasm on exposure to cold within a few days 
of successful sympathetic denervation. Cases with 
such a marked local sensitivity of the digital arteries 
to cold cannot be expected to give good results. In 
this category of local fault of the digital vessels are the 
cases of the Raynaud syndrome following the use of 
vibrating tools, of which over 300 have occurred in 
one factory in Manchester during the war. The 
seriousness of this condition is shown by one of the 
cases we have treated, R. R., a man aged 45, who, 
in spite of operations for sympathetic section else- 
where, came to us with such painful and prolonged 
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attacks of pallor and numbness in the right hand that 
he asked us to amputate the hand, despite the fact 
that he is right-handed. However, paravertebral 
block of the cervicothoracic ganglion resulted in a 
great rise of temperature in the right hand, and a 
fall in its electrical conductivity, with greatly improved 
function. A Telford preganglionic section was there- 
fore carried out, with a very good immediate result. 
Within a week, however, the hand was cold on ex- 
posure to room air, and the digits showed some blue- 
ness. Arteriography was carried out on the tenth 
day after operation, first after getting the hand 
thoroughly warm, and then after cooling it with 
cold towels. The arteriograms showed a marked 
vasoconstriction in response to the cold. And this 
in the complete absence of vasoconstrictor tone. 
When he was seen seventeen days after operation 
his fingers were again quite blue and numb, though 
the pain was not so severe as before operation. But 
when he was seen six weeks after operation the con- 
dition was practically as bad as ever. In these cases 
the vessels appear to suffer direct trauma from the 
vibrating tool, since the spasms start in and are worst 
in the fingers which bear the greatest strain (Telford, 
McCann, and MacCormack, 1945). Sympathectomy 
is therefore unlikely to produce lasting benefit. 

Between the two extremes are the vast majority 
of cases, in which both vasoconstrictor tone and local 
sensitivity to cold play a part, and the results of 
operation vary according to which is the predominant 
factor. This dual mechanism explains satisfactorily 
how cases can show well-marked regeneration without 
relapse or can relapse badly with only a slight return 
of sympathetic activity. 

The difference in the incidence of relapse in the 
hands and feet is not so easily explained. The former 
beliefs that it is due to a more complete, or more 
permanent, or more definitely preganglionic sympa- 
thetic denervation of the lower limb have here been 
shown to be incorrect, and some alternative explana- 
tion must be sought. As pointed out by Gask and 
Ross (1934) there is greater vasoconstrictor activity 
in the foot than in the hand. Since the vasomotor 
activity remains subnormal after operation in nearly 
all cases, the effect will be greater in the lower than 
in the upper limb, and the local constrictor effect of 
cold will less easily obliterate the lumen of the vessels. 
Coupled with the reduced vasoconstrictor tone the 
higher arterial pressure, resulting from the hydro- 
static pressure of the column of blood in the leg 
vessels in the upright position, will tend to keep the 
arteries of the foot dilated and free from spasm. 
Since exposure to cold obviously plays an important 
role in the production of spasms, the fact that the 
feet are usually well-covered and not exposed, as are 
the hands, is probably a contributing factor to the 
freedom from symptoms in the feet after operation. 
_ _ Recommendations.—As an outcome of this inquiry 
It is possible to make some recommendations of prac- 
tical value in the treatment of Raynaud’s disease. 

Firstly in view of the almost universal regeneration 
which takes place after operation, every effort should 
be made at the time of operation to discourage it. 
Such methods as the wide separation of the divided 
ends of the sympathetic chain, as in the Telford 
Operation, or the covering of the upper end with a 
silk sheath, as practised by Smithwick (1940), have 
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delayed regeneration but have not prevented it. The 
present work has shown that attention should be 
devoted chiefly to the central cut end after thoracic 
section, and presumably after lumbar sympathectomy 
also, since these are the sites from which the fibres 
grow back. A cap of some inert material, such as 
tantalum foil, applied to the central end might be 
effective in preventing the outgrowth of fibres. 

In view of the unfavourable results to be expected 
in cases with a marked local sensitivity of the arteries 
to cold—in particular cases of sclerodactyly and those 
due to vibrating tools—operation should be avoided as 
far as possible in this group, and practised only for 
ulceration and threatened gangrene of the digits, or for 
severe pain. Cases in which the spasms are largely 
due to autonomic activity are those in which the best 
results can be expected, and operation should be more 
readily advised if the condition is a severe handicap 
to the patient. 

The subsequent avoidance by the patient of expo- 
sure of the hands to cold water or air and the wearing 
of warm clothing on the body and limbs are of 
importance in preventing the return of spasms by 
reducing the reflex sympathetic activity in the limbs 
after regeneration has taken place. 

That there is definitely a place for sympathetic 
section in Raynaud’s disease is shown by the state- 
ment of the great majority of patients that the opera- 
tion has been well worth-while in this painful and 
often disabling condition. 


SUMMARY 


1. The technique of investigating sympathetic 
activity in the extremities by measurement of the skin 
electrical conductivity, combined with peripheral and 
paravertebral nerve-blocks, is described. 

2. There is no demonstrable sympathetic activity 
in the early weeks after the standard operations of 
sympathetic section. 

3. In 46 upper and 38 lower limbs tested from 
one to fourteen years after sympathetic section, all 
except 7 lower limbs showed the return of sympa- 
thetic activity. This return was usually incomplete. 

4. The possible explanations of the returned 
activity are discussed, and regeneration of sympa- 
thetic fibres is shown to be most likely. 

5. Figures for the late results in Raynaud’s disease 
are given ; they show that the results of the pregan- 
glionic operation for the upper limb are no better than 
those of ganglionectomy. They also show that the 
lower limb results are much better than those for the 
upper limb. 

6. The possible causes of relapse in Raynaud’s 
disease are considered, and a combination of regenera- 
tion of sympathetic fibres and local sensitivity of the 
vessels to cold is shown to cover the facts adequately. 

7. The practical bearing of these observations on 
the treatment of Raynaud’s disease is discussed. 


It is my pleasure to express my gratitude to Profes- 
sor Telford for his leadership and help in the work 
on which this paper is based. 
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By comparison with London’s East End, the West 
End was gently treated by the Luftwaffe. There 
were no fires comparable with that which almost 
destroyed the City, and bombing was less concen- 
trated and more sporadic. But Shepherd’s Bush 
and North Kensington had their share of excitement 
and it is from these areas that Hammersmith Hospital 
draws its patients. Almost worse than the air raids 
were the frustrations, delays, shortages, queues, 
and petty irritations that made up daily life under 
war-time conditions in London. 

If psychological factors such as worry, fear, 
emotional strain, and fatigue play any part in the 
aetiology of peptic ulcer, one would expect to find 
that the results of treatment would be adversely 
affected by living conditions such as are mentioned 
above. We were interested, therefore, to trace a 
number of patients suffering from peptic ulcer who 
had been treated in Hammersmith Hospital between 
1935 and 1941 and to find out how they had fared 
during the war years. 


METHOD 


Three groups of patients were taken :— 

1. All cases treated by partial gastrectomy, 89 
cases in all. 

2. All cases treated by gastro-enterostomy, 103 
cases in all. 

3. A group of 100 medically treated cases. 

Letters were sent requesting them to attend 
hospital for interview and examination. Where 
no reply was received, a member of the Almoners’ 
Department called in person at the house and 
requested the patient to attend, or if the latter had 
moved, tried to trace the new address. Occasionally 
in difficult cases the author called at a patient’s house 
and examined him personally. 


According to the results of interrogation and 
examination, the patients were placed into three 
categories :-— 


Group I.—Good result. 
No relapses. 
No absence from work due to 
; ** stomach trouble ”’. 
Group II.—Improved. 
Occasional relapses, but less frequent 
than before treatment. 
Occasional or no absence from work 
due to “ stomach trouble ”’. 
Group III.—Poor result. 
Proved recurrent ulcer. 
Relapses as frequent or more frequent 
than before treatment. 
Occasional or frequent absence from 
work due to “‘ stomach trouble ”. 


For the purpose of comparison with other series, 
Groups I and II were taken to be ‘ satisfactory’ 
results and Group III ‘ unsatisfactory ’. 

This grouping was arrived at after consultation 
with six authorities in the field of peptic ulcer. It 
has the virtue of being practical, simple, and related, 
not to hypothetical pathology, but to what the patient 
requires from treatment. Its disadvantage is that of 
over-simplicity, and perhaps many border-line 
cases might have been ‘ squeezed’ into the group 
above or below. 

Sources of Error in the Method.— 

1. Errors of Sampling of the Original Material.— 
Since both surgically treated groups included all 


- cases up to I94I, no error of sampling arose here; 


except perhaps that one or two cases were missing 
from hospital records. The 100 medically treated 
cases were a sample of some 600 to 700 uncomplicated 
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cases of peptic ulcer treated by medical means, in 
the interval between 1935 and 1941. They were 
selected from the Kalamazoo Index in the Records 
Department, and it is therefore necessary to determine 


whether they are representative of the ‘ universe’ 


of medical cases. 

Other than the treatment, which was routine and 
within the limits of human frailty a constant, the 
factors which might lead to modification of the 
results are age, sex, severity of the lesion, intelligence 
of the patient, social status, and type of work. Many 
other unknown factors may obviously also be at 
work. 

The age-group in the 100 medically treated 
cases was from the third to the seventh decade, the 
mean age being §5 and the standard deviation 
+ 10°3. This is similar to the figures quoted by 
Eusterman and Balfour (1935), Walton (1930), and 
others, and is so well established as to rule out a 
fallacy from this source. 

The sex distribution, 2:1 males to 1 female in 
gastric ulcers, and 5:3 males to 1 female in duo- 
denal ulcers, is typical of figures quoted by other 
authors and of the general group in this series 
(Table I). 

The social status of the group is for the most 
part that of working-class people living around a 
municipal hospital, and on this score the results 
might be expected to be worse than in voluntary 
or private hospital practice. The type of work 
engaged in by the patients is for the most part skilled 
or unskilled manual labour, shopkeeping, and small 
trading. Shift work is common, and on several 
occasions patients asked for a “‘ line ”’ to excuse them 
night work. These jobs do not easily permit of the 
regulation of life which is possible in the professional 
business, or leisured classes. 
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The intelligence of the patient will obviously affect 
the result in so far as a patient of low-grade under- 
standing will be unable to appreciate the necessity 
of the careful regulation of his life and diet which 
medical management of a peptic ulcer requires. 
No data are available on this point. 

2. Errors in Comparison of the Samples.— 

Age of patient : The mean age in each of the three 
groups—gastrectomy, gastro-enterostomy, and medi- 
cal management—was §2°4, 50°5, and §5 respectively, 
with standard deviations of 11-4, 12°6, and 10°3. 
No error is to be expected from this source. 

Sex: The relationship between male and female 
in the three groups is also reasonably constant, except 
in the group of gastrectomy for duodenal ulcer where 
the ratio of male to female is considerably higher 
than in the other two groups. No explanation is 
forthcoming for this deviation (Table I). 

Social status and type of work: In the vast 
majority of cases the patients came from the working- 
class area around the hospital. Little divergence 
between the three groups is to be expected, therefore, 
on these grounds. 

Severity of lesion: It is under this heading that 
an obvious source of error arises. Most of the sur- 
gically treated cases were first treated on the medical 
side of the hospital and were referred to the surgeons 
for operation only after failure to react to medical 
management, because of fear of malignancy, or for 
some similar reason. Hence it is probable that the 
surgical cases were on the whole of ‘a more severe 
and intractable character than the medical cases. 
This is the general experience in hospital treatment 
of peptic ulcer, the modern indications for surgery 
being restricted in the main to the complicated or 
intractable case rather than the ordinary run of 
peptic ulcer. 


Table I.—SEX DISTRIBUTION IN PEPTIC ULCERS 
(Exclusive of Anastomotic Ulcers and Cases of Pyloric Stenosis) 
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eee | | ENTEROSTOMY | | Torat | 

M. | F. | M | BF | Mz F. | M. F. 
Gastric 48 25 | Do | 5 | 38 | 18 141 97 44 
| (2°3)* (1) | (2:2) (1) (22m) |, Dr | | (2:2) (1) 
Duodenal | ie) | I _ 7 | a7. | 7 | JES -| 00° | 15 
(13) | (t) | (71) CE) |, 5 0$23) (1) (6-7) | (1) 
Total | 61 | 22 61 | 12 5 | 25 256 a. | 

(2-7) | (@) (5) | me | > | © 





* The figures in parenthesis denote the ratio of male to female. 


Of the other two factors mentioned, the severity 
of the lesion is hard to assess clinically. The size of 
the ulcer and particularly the degree of penetration 
into perigastric structures, notably the pancreas, 
might be of value in this regard, but unfortunately 
accurate data of this type on medicaily treated cases 
are not usually available in gastric ulcer. They are 
obviously unobtainable in duodenal ulcer by our 
present methods of investigation. We are forced, 
therefore, to conclude that it is impossible to classify 
these cases in terms of severity with sufficient 
accuracy to make comparison of value. 


To compare the results of those cases treated by 
surgery and those treated by medical means is 
therefore unsound unless this source of error is 
clearly appreciated. 

Intelligence: As in the case of medical cases alone, 
so in the three groups no data are available on this 
point, although it might well have a bearing on the 
results of treatment. 

3. Errors in Follow-up.— 

a. Relation to percentage traced: Theoretically, 
a follow-up study must be conceived to be incom- 
plete until every case has been traced and examined 
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personally, or until evidence of subsequent death 
has been found. 

One is not justified in concluding that a propor- 
tion of untraced cases would show comparable 
results to the traced cases. It was, in fact, my 
impression during this work that certain types of 
patient reported rapidly after the follow-up card 
was sent. These were: (1) those with good results 
who felt they owed a debt to the hospital and who 
used such terms as, “‘ You saved my life ’’, or “ I’ve 
been a new man since my operation”’; (2) female 
patients with satisfactory or unsatisfactory results 
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answer rather than the true one. Thus the ‘ doctcr’ 
in assessing his own cases will tend to view ihe 
results favourably. Conversely the patient, if of an 
amiable turn of mind, will tend to ‘try to please’ 
by giving an optimistic view, or if of a pessimistic 
character, will tend to tell a gloomy story. 

In the present series, the author had little to do 
with the original treatment, only four of the cases 
being his own. From this view-point he is therefore 
an independent witness. From the point of view of 


training, however, he is far from independent since . 


he is a member of the surgical staff. Therefore it 


Table II.—SUMMARY OF RESULTS OF TREATMENT OF CHRONIC ULCER OF 
STOMACH AND DUODENUM 


(Total cases 292, of whom 211 (73 per cent) were traced.) 
































| | | | Diep | | 
| PERCENT- PERCENTAGE | PERCENTAGE | PERCENTAGE 
TREATMENT a AGE | adlheed pyc SATIS- UNSATIS- RECURRENT 
| TRACED Hosrrra. | FACTORY | FACTORY ULCER 
| H | | | 
Gastrectomy 89 | 82 9 7 89:2 10°8 73 
Gastro-enter- 103 75 4 12 71 29 24:2 
ostomy 
Medical 100 61 ° 6 47:2 §2°8 38-3 
treatment 
TOTAL 292 73 13 27 70'2 29°8 23°2 





who were housewives, and who did not forfeit pay 
by taking the afternoon off for a gossip with the 
doctor at the hospital; and (3) patients of either 
sex who were of the conscientious and public- 
spirited type who felt that by coming up they might 
aid their fellow sufferers. If this is true, then a 
relatively small group of traced cases will contain 
a higher proportion of good results than the series 
as a whole. Hence the more complete the follow-up 
the worse the results of treatment are likely to be 
when expressed in proportions of the whole. Thus, 
if of 100 original cases 25 are traced by the end of 
the first month of work, it may well be that 20 (80 
per cent) might show satisfactory results and only 5 
(20 per cent) show unsatisfactory results. If at the 
end of three months’ work 70 of the original 100 
cases were traced, many unsatisfactory cases would 
have been traced and results might then show 40 
(57 per cent) satisfactory and 30 (43 per cent) 
unsatisfactory results, and so on with a higher 
percentage of unsatisfactory results, until all the 
cases were traced when finally there might be 50 
satisfactory and 50 unsatisfactory. 

In the three series studied here, the highest trace 
rate (82 per cent) was in the gastrectomy group, the 
next highest in the gastro-enterostomy group (75 
per cent), and the lowest in the medical group (61 per 
cent). If the hypothesis outlined above be sound, 
one would expect the gastrectomy results to be 
affected adversely and the medical cases favourably, 
the gastro-enterostomy cases coming somewhere 
between the two. 

b. Relation to subjective factors : ‘Two personalities 
enter into assessment of results in the follow-up 
method, the ‘ doctor’ and the ‘ patient’. Each can 
be influenced by factors other than the truth, and 
each will inevitably lean towards the ‘ attractive’ 


is probable that although great care was taken to use 
the same criteria in assessing the medical and surgical 
results, there was bias in favour of the surgical figures. 
The cure for this is for a physician to repeat a similar 
series and to correlate the two sets of results. 

c. Relation to changing course of the disease: It 
is a feature of peptic ulcer that remissions and 
relapses occur throughout the course of the disease. 
Only a rash man would claim to have cured the 
condition, since recurrences may happen after many 
years of freedom. 

If, then, a patient is examined during a long 
period of freedom from relapse, both the doctor 
and the patient will give an optimistic assessment, 
whereas the same patient, in a relapse two months 
later, might be assessed as unsatisfactory if the 
presence of a recurrent ulcer were proved. The 
results must therefore be looked at with this in mind 
and over a longer period the proportion of unsatis- 
factory results might well be larger. 


RESULTS 


All Cases (Table II).—Of the original 292 cases, 
211 (73 per cent) were traced. The remaining 
81 cases were for the most part untraceable by 
reason of the population shift which is inseparable 
from war and civilian bombing. There were, 
however, some cases who had not moved, but who 
refused to come to hospital to be examined. I 
suspect that these cases are often poor results who 
have gone to another hospital for advice. This 
suspicion is based on the fact that neighbours on 
several occasions said that the patient was still living 
.at the same address but was attending another 
hospital. 

Of the 211 traced cases, 13 had died in hospital 
after operation, and 27 had died after leaving 
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hospital. One hundred and seventy-one survivors 
remained available for study; 141 of these were 
examined personally, 30 replied to a questionary. 

If the simple question be put, ‘“‘ What did 
hospital treatment do for the condition of peptic 
ulcer during war-time ”, the answer is that of 171 
traced survivors 70 per cent were benefited and 30 
per cent were no better or were worse. Of the 
70 per cent who were benefited, 43 per cent had no 
further digestive trouble. This is inclusive of both 
medical and surgical treatment, and represents 
the efforts of physician and surgeon working 
together. 

Results of Treatment of Gastric Ulcer 
(Table III).—Eighty-two surviving cases of gastric 
ulcer were traced, 40 treated by gastrectomy, 33 by 
medical means, and 9 by gastro-enterostomy, the 
last in the early days of the series. 


Table III.—RESULTS OF TREATMENT OF 
GASTRIC ULCER 


























SATISFACTORY UNSATISFACTORY | 
TREATMENT (GOOD OR | (UNIMPROVED OR | TOTAL 

IMPROVED) | WORSE) | 

Gastrectomy 36 (90 per cent) | 4 (10 per cent) 40 

Gastro-entero- 5 (55°6 per cent) | 4 (44-4 per cent) | 9 
stomy | | 

Medical treatment | 19 (58 per cent) | 14 (42 per cent) | 33 
TOTAL 


60 (73°5 per cent) | 22 (26°5 per cent) | 82 





Easily the best results were those in the gastrec- 
tomy series, only 4 of the 40 showing unsatisfactory 
results, whereas 14 of the 33 in the medical series, 
and 4 of 9 in the gastro-enterostomy series showed 
poor results. Chi square values in both comparisons 
are well over 6-6, indicating that it is highly unlikely 
that these results arise by chance. 

It is to be noted, however, that the patient with 
a gastric ulcer who wished to have the benefit of 
gastrectomy ran an II°§ per cent risk of succumbing 
to the operation, whereas there were no deaths from 
the medical treatment, and only 5-8 per cent risk 
in gastro-enterostomy. 

Results of Treatment of Duodenal Ulcer.— 

a. Duodenal Ulcer without Stenosis (Table IV).— 
Seventy surviving cases of duodenal ulcer 
without obstruction were traced. 

The results were not so clear-cut in 
this group, although they suggest that the 
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patients remained symptom-free, and only 7 of 22 

(31 per cent) were benefited by their treatment. 
The results of gastro-enterostomy for duodenal 

ulcer without stenosis must also be viewed with 


Table IV.—RESULTS OF TREATMENT OF DUODENAL 
ULCER WITHOUT PYLORIC STENOSIS 


























SATISFACTORY | UNSATISFACTORY | 
‘TREATMENT | (GOOD OR | (UNIMPROVED OR | TOTAL 

| IMPROVED) | WORSE) | 

| { 
Gastrectomy | 10 (91 per cent) | I ( 9 per cent) | II 
Gastro-entero- | 26 (71 per cent) | II (29 per cent) 37 

stomy | | 
Medicaltreatment| 7 (31-8 per cent) | 15 (68-2 per cent) | 22 
TOTAL | 43 (61°8 per cent) | 27 (38-2 per cent) | 70 

] 





disquiet, since of the 11 poor results, no less than 
10 had proved recurrent ulcers (27-1 per cent of the 
37 traced survivors) (Table VIII). 

b. Duodenal Ulcer with Pyloric Stenosis.—There 
were 28 cases of pyloric stenosis in the original series, 
all treated by gastro-enterostomy. Fifteen traced 
survivors were available for study and of these only 
3 showed poor results (20 per cent). Of the other 
I2, II remained symptom-free since the operation. 

Results of Treatment of Anastomotic Ulcer. 
—Six cases of anastomotic ulcer were treated by 
partial gastrectomy. Five of these patients were 
traced and found to be surviving. Only 1 of the five 
had an unsatisfactory result—a further recurrent 
ulcer. Of the other four, 3 had been free from 
symptoms and 1 had had occasional symptoms but 
less than before his gastrectomy. 

The untraced patient had reported to hospital 
in 1943 with dyspepsia. An anastomotic ulcer was 
proved radiographically. It was, however, not 
possible to trace him in 1946. 

Results corrected for Hospital and Late 
Deaths.—The results presented in the foregoing 
section have taken into account only those patients 
who were alive at the end of the follow-up period. 
It may reasonably be held that the most unsatisfac- 
tory results were those in the patients who died 
during that time. While this is true, it would be 
unsound to suggest that the peptic ulcer was respon- 


Table V.—RESULTS CORRECTED FOR HOSPITAL 
AND LATE DEATHS 



































results of gastrectomy are the best. Thus i No.or | ¢ | UNsATISFACTORY 
O. OF Per | ATISFACTORY | ESULT 

of II gastrectomy cases only 1 showed TREATMENT ee TRACED | Saas ee 

a poor result, whereas 11 of 37 gastro- | DEATHS) 

enterostomy cases, and 15 of 22 medically =< SS ie es 

treated cases, showed poor results. The Gastrectomy 89 72 50 (645 per cent) | 22 (35-5 per cent) 

difference between the results of eer Gastro-enterostom 103 78 44 (56-4 per cent) | 34 (43°6 per cent) 

tomy and medical treatment is statistically sf P 

Significant. The same applies to the Medical treatment 100 61 26 (42°7 per cent) | 35 (57°3 per cent) 

difference between the results of gastro- ne 292 on 20 91 


enterostomy and medical treatment. But 





the difference between the results of gas- 
trectomy and gastro-enterostomy might have well 
arisen by chance. 

What is quite clear-cut, however, is that in this 
War-time series the results of medical management 
of ducdenal ulcer are far from good. None of these 


sible for all these deaths, since no accurate informa- 
tion is available about the cause of death in the case 
of those patients who died after leaving hospital. 
The hospital mortality of partial gastrectomy, 
gastro-enterostomy, 


and medical treatment was 
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I0‘I, 3°9, and 0-o per cent respectively, while the 


late mortality was 10-0, 16-0, and 10°0 per cent. If 


all deaths, whatever the cause and however long 
after treatment, are classed as unsatisfactory results, 
partial gastrectomy still shows the best results, 
gastro-enterostomy being next and medical treatment 
last (Table V). 

Recurrent Ulceration.—In this study, proved 
recurrent ulceration has been taken to occur when an 
ulcer crater has been seen radiographically or by the 
gastroscope, or where a major hematemesis has 
occurred following the primary treatment. 

It is to be noted that these are very strict criteria. 
Many ulcers indubitably occur, especially at or just 
distal to an anastomosis, without craters being 
visualized. Consequently it is probable that the 
figures given suggest a lower incidence of recurrent 
ulceration than is actually the case. In uncomplicated 
primary peptic ulcer of the stomach and duodenum, 
25 per cent of traced survivors showed recurrent 
ulceration (Table VI). It may well be that the truer 
figure is about 30 per cent. 


Table VI.—INCIDENCE OF RECURRENT ULCER 
AFTER TREATMENT FOR CHRONIC ULCER 
OF STOMACH AND DUODENUM 
(Cases of Pyloric Stenosis excluded) 





























NNUMBER _ Teaeep PERCENTAGE 
TREATMENT OF TRACED RECURRENT OF TRACED 
SURVIVORS ULCERS SURVIVORS 
Gastrectomy 51 3 59 
Gastro-enterostomy | 46 14 | 30°4 
Medical treatment | 55 | 21 38-3 
TOTAL | 1§2 38* 25°0 





* This figure excludes a recurrent ulcer developing after a 
gastro-enterostomy for pyloric stenosis and another developing 
after a gastrectomy for an anastomotic ulcer. 


Recurrent Ulceration in Gastric Ulcer.—Of the 
82 traced surviving cases of gastric ulcer, 20 patients 
(24°7 per cent) showed proved recurrent ulcers, 
17 gastric and 3 anastomotic. ‘The lowest incidence 
of recurrent ulcer was easily that after gastrectomy, 
7°5 per cent. That after gastro-enterostomy and 


Table VII.—INCIDENCE OF RECURRENT ULCER 
AFTER TREATMENT FOR GASTRIC ULCER 





























| | 
Tims «| Mamumnor | emmmcor | momma 
| ULCERS | ULCERS 
Gastrectomy 40 3 75 
Gastro-enterostomy 9 4 45:0 
Medical treatment 33 13 39°3 
TOTAL 82 20 24°7 





after medical management was much the same, 
45 per cent and 39°3 per cent (Table VII). When 


the Chi square values for the comparison (in respect 
of recurrent ulcer) of gastrectomy and gastro-entero- 
stomy and gastrectomy and medical management 
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_ is therefore an equivocal one. 
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are calculated, they are found to be of the ‘ highly 
significant ’ order. 

Recurrent Ulcer after Treatment for Duo.lenal 
Ulcer without Stenosis (Table VIII).—Of the 70 
traced surviving cases of duodenal ulcer without 
stenosis, 18 patients (25°7 per cent) developed 
recurrent ulcers, 8 anastomotic and 10 duodenal, 


Table VIII.—INCIDENCE OF RECURRENT ULCER AFTER 
TREATMENT OF DUODENAL ULCER WITHOUT 























STENOSIS 
| | NUMBER OF | PERCENTAGE 
TREATMENT — ated | RECURRENT RECURRENT 
| ULCERS ULCERS 
Gastrectomy II | ° ° 
Gastro-enterostomy 37 10 27°1 
Medical treatment 22 8 36°6 
TOTAL 70 18 25°7 





Again, the lowest incidence of recurrent ulcer 
was in the gastrectomy group, none of II cases 
showing this complication. The recurrence rates 
after medical management and those after gastro- 
enterostomy are much the same, 36:2 per cent, and 
27:1 per cent respectively. 

Two other recurrent cases of ulcers were traced 
—one after a gastro-enterostomy for pyloric stenosis 
and the other after a gastrectomy for an anastomotic 
ulcer. 

Factors involved in Causation of Recurrent Ulcera- 
tion.— 

a. Gastric acidity: Data were available about 
the pre-operative gastric acidity in 85 cases of 
duodenal ulcer. On the assumption that the total 
acid is the best reflection of the activity of oxyntic 
cells, the cases were placed in two groups depending 
on whether gastric analysis showed levels of above 
80 units of total acid per 100 c.c. or levels below that 
figure. Thirteen of the 51 patients in the first group 
and 3 of the 34 patients in the second developed 


Table IX.—RELATION OF RECURRENT ULCERATION AFTER 

TREATMENT TO GASTRIC ACIDITY BEFORE ‘TREATMENT 

(Cases divided into two groups, above and below 8o units 
of total acid per 100 c.c. gastric contents) 
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No | PERCENTAGE 


























UNITS OF | | 
ToraL AcID | — RECURRENT | TOTAL | RECURRENT 
PER I00 C.C. | ULcER | ULCER 
>80 | 13 38 51 25°6 
<80 | 3 31 34 11-3 
TOTAL 16 69 85 18:8 
y* = 3°74. P = between 0-05 and o-10 


recurrent ulcers. This result might have arisen 
by chance in from § to 10 per cent of such samples 
if there was, in fact, no difference in the incidence 
of recurrent ulcer in the two groups. The result 


b. Age of patient (Table X): The mean age of 
the patients with recurrent ulcer at the time of first 
treatment was 49°6 years, the youngest 23 and the 
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eldest 79. The mean age in the 292 cases was 53. 
If the cases are divided into two groups, those below 
and those above 40 years of age, it is found that 
32'4 per cent of the younger group and 20°5 per cent 
of the older group developed recurrent ulcer (Table 
X). But such a result would arise by chance in 
about I-10 of comparable samples if there was no 
difference in the incidence of recurrent ulcer in the 


two groups. 


Table X.—RELATION OF RECURRENT ULCERATION 
AFTER TREATMENT TO AGE OF PATIENT 












































No PERCENTAGE 
— ——— RECURRENT | TOTAL | RECURRENT 
EAR ULCERS ULCERS 
> 40 28 108 136 20°5 
<4o 12 25 37 32°4 
TOTAL 40 133 173 23°52 
y* = 2°29. P = between 0:50 and o-10 


c. Mental status: The author formed the 
impression, no doubt stimulated by a preconceived 
idea, that the recurrent ulcer patients showed a 
typical restless type of personality. This was by 
no means always associated with intellectual drive 
or ability. Often the patients appeared shiftless and 
without a steady aim in life, changing jobs frequently 
and finding no permanent satisfaction in any. 

On the other hand, the possibility that it was 
the chronic ill health due to recurrent ulcers which 
caused these mental symptoms must be entertained. 
It is certainly true that, unless it is possible to survey 
apatient’s mental status before treatment and forecast 
with some degree of accuracy a recurrent ulcer, the 
observation is of little value, even if capable of proof. 

d. Smoking and dietetic habits: Most of the 
patients except the gastrectomy cases took a good 
deal of care with their diet. In nearly all cases 
this consisted in avoiding fried food, vegetables, 
and fruit, and in eating a little food 
frequently. But it was not possible to 


trace any definite relation between ulcera- TOMY FOR 
tion and dietetic indiscretion or smoking. : 
In the nature of things this is to be (Duration 


expected since a patient is not likely to 
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fruit or vegetables and yet he appeared in reasonable 
health and was classed as ‘improved’. In reply 
to the question, “‘ Are you satisfied with the result 
of your operation ”’, he said, “‘ Yes, I am, sir, very 
satisfied ”’. He did full work as a builder’s labourer 
and lost no time through illness. 

This is not put forward, however, as a plea for a 
diet of tea and bread. No doubt he would have 
been considerably fitter on a fuller diet. 

It is not possible from this study to contribute 
any definite data as to the cause of recurrent ulcera- 
tion after treatment. At present there does not 
appear to be any method available to forecast even 
approximately what type of case of peptic ulcer is 
likely to develop a recurrent ulcer. 

Comparison of Results with a Peace-time 
Series.—The ideal peace-time series with which to 
compare this war-time series would be a similar 
one from Hammersmith Hospital between 1930 and 
1935. Unfortunately such data are not available. 
In reading the recent literature, however, we encoun- 
tered the monograph of Professor Heuer (1944) from 
the New York Hospital. . The form of this study is 
particularly suitable for comparison with ours 
because, unlike most others, it includes the results 
of medical management as well as of surgery. In 
drawing a comparison between the two series, 
however, one is forced to make certain assumptions 
which may not be justifiable. 

Thus it is necessary to assume first that peptic 
ulcer runs a course similar as to severity and chron- 
icity in New York and London; secondly, that the 
methods of treatment were reasonably similar ; 
and thirdly, that Professor Heuer’s concept of what 
constitutes an unsatisfactory result is similar to that 
of the author. Each of these assumptions intro- 
duces a source of error, but it is difficult to see how 
this can be avoided if international discussions in 
surgery are to be acceptable at all. 

Recognizing, then, the difficulties of the com- 
parison, we have correlated the results in New York 
and London in Tables XI- XIII. 


Table XI.—COMPARISON OF THE RESULTS OF PARTIAL GASTREC- 


GASTRIC AND DUODENAL ULCER IN NEW YorRK HOSPITAL 
AND HAMMERSMITH HOSPITAL 
of follow-up : New York series—3 months to Io years ; 
Hammersmith series—4 to II years) 











tell a doctor that he has been misbehaving 























: | N | 
in either respect. No. oF 0. OF | percentage | PERCENTAGE 
The pei amount of tea and HOSPITAL CASES | — | SATISFACTORY | UNSATISFACTORY 
bread consumed by many of the patients —<——= 
was most striking. The following is an Gastric Ulcer :— | | 
actual diet described by one of the patients New York a ee 847 SI 
and many similar stories were told :— Hammersmith | 69 | 55 | 90 | 10 
6.00 a.m. Gets up and has a cup of tea Duodenal Ulcer :-— | | 
—no food. New York ;} 83 | 81 81-9 9°6 
6.30 a.m. To work. Hammersmith | 14 12 | 91 | 9 
11.00 a.m. Cheese sandwichand cup of tea. | 
12.30 p.m. Meat sandwich and cup of tea. 
5.30 p.m. Home. Cup of tea with bread and It will be noted that the results of partial gastrec- 
margarine. Bit of fish or bacon. tomy in both gastric and duodenal ulcer are strikingly 
7.30 p.m. Cup of tea, and bed. similar in the two series. The poor results are very 


Smokes 10 cigarettes a day. 


It will be noted that tea is drunk on five occasions 
during the day and bread eaten on three of these 
occasions. This man said he practically never ate 
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few and vary within the narrow limits of 5-10 per 

cent. The results of gastro-enterostomy for duo- 

denal ulcer are also very similar, with about 70 per 

cent of cases showing improvement. In the group of 
6 
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ulcers treated by medical management, about 50 per the presence of high gastric acid values. The di 


cent derived benefit from treatment in both series. following case illustrates this point well :— be 
The only group in which a serious divergence T. W., male, 51, War Office messenger. pr 
appears to exist is in the now obsolete operation of Fifteen years’ history of recurring attacks of dyspepsia, 


gastro-enterostomy for gastric ulcer, where almost Perforation of duodenal ulcer, 1933 ; sutured, with good 

recovery. Continued to have attacks of dys- 
Table XII.—CoMPARISON OF THE RESULTS OF GASTRO-ENTEROSTOMY  pepsia every few months. Frequent absence 
FOR GASTRIC AND DUODENAL ULCER IN New York Hospitat from work. 


AND HAMMERSMITH HospPITAL July 20, 1939 : Admitted to Hammersmith 
Hospital. X-ray: ‘ chronic duodenal ulcer’, 


F.T.M.: free acid 85 and total acid 95. 
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Bowe, (Ea | Tee | cance | cee, neti sustro-enterostomy performed 
June 30, 1946: Examined in follow-up 
7 | clinic. Seven years since operation. Since 
gg As ng _ - a 7 6 discharge has worked through the whole war 
sted sed as messenger at War Office without a day off, 
Hammersmith 17 12 55°6 44°4 — had wp ee gg oil Eats a full 
iet except for fried food. Smokes 15 cigar- 
as on 170 165 73 os ettes a i. When asked if he was ontished 
. with the result of his operation, he replied, 
Hammersmith 57 42 72 28°8 ‘Oh yes, sir, very satisfied. I don’t believe | 
ate a dinner before my operation for sixteen 
Table XIII.—CoMPARISON OF RESULTS OF MEDICAL TREATMENT ~— Gn ee ane, be was a well-preserved of | 
OF GASTRIC AND DUODENAL ULCER IN NEW YorK HOSPITAL man of 58, of good colour, and well nourished. ref 
AND HAMMERSMITH HosPITAL His paramedian scar was soundly united. Lor 
There was no abdominal tenderness. 
HOsPITAL No. OF a PERCENTAGE PERCENTAGE This, then, was a case of fifteen years’ ion 
CASES CASES SATISFACTORY | UNSATISFACTORY dysp epsia from a duodenal ulcer with high the 
acid values, the course of which was inter- = 
New York | 732 657 54:9 34°8 rupted by the discredited operation of 
a | sme 61 poy mr gastro-enterostomy. And what is more iy 
significant, the patient has been protected 
against recurrence for the last seven years, 
80 per cent of the New York cases derived benefit six of which were spent under war-time conditions in p 
and only 50 per cent of the Hammersmith cases. London. The answer to the riddle of pre-operative 47 
It is to be noted, however, that the total group of assessment of recurrent peptic ulcer is possibly has 
traced cases is only 43, and perhaps too much stress concealed in just this type of case. 7 
should not be laid on this apparent difference. The incidence of recurrent ulcer after gastro- ft 
Summarizing the comparisons, therefore, we note enterostomy for duodenal ulcer in this series is 10 “ 
that there is a striking resemblance between the cases in 37 traced survivors (27:1 per cent). This -_ 
results of treatment in the two series with the excep- is ten times that recorded by Luff in 1929 and by — 
tion of the group of gastric ulcers treated by gastro- Walton in 1930, three times that recorded by Garnett § . "; 
enterostomy, and that the number of cases in the Wright in 1935, and 7 per cent higher than the al 
latter group is probably too small to make the estimates made by Ogilvie in 1935. What is the 
observation of value. explanation for this increase? Undoubtedly the . 
length of follow-up is one factor, since ulcers will we 
COMMENT continue to recur even after many years of freedom. tom 
These results came as something of a surprise Another factor may be the increasing use of the sa 
since we fully expected that they would compare’ gastroscope in diagnosis. But it is more than ™_ 
unfavourably with those obtained in peace-time. likely that war-time conditions have played their iin 
In fact, they appear to follow fairly closely those part. it 
reported by other recent workers (Maingot, 1940 ; In marked contrast to this is the very low recur- He 
Conybeare, 1935; Heuer, 1944). rence rate after partial gastrectomy, 3 cases in 59 — san 


A word must be said about the treatment of traced survivors (5-9 per cent) and no recurrent ulcers none 
duodenal ulcer. As was noted earlier in this paper, after gastrectomy for duodenal ulcer. There can weil 
the difference between the results in traced sur- be no doubt that even under war-time conditions # " 
vivors of gastrectomy and of gastro-enterostomy the protection against recurrent ulcer given by partial ms 
is not clear-cut, though both are superior to the gastrectomy in this series was almost complete. _ this. 
results of medical management. The same finding One further point must be made. The majority 
is noted by Heuer. There seems little doubt that of the partial gastrectomies were carried out by the ‘in 
the incidence of recurrent ulcer is much lower after Billroth I technique. Thus of the 89 partial gas on 
gastrectomy than after gastro-enterostomy. This trectomies, 80 were of the Billroth I type, 7 of the St 
tendency to a high recurrent ulcer rate is a most Polya type, and 2 of sleeve resection type leaving the 0 
unfortunate characteristic of gastro-enterostomy,. pylorus. It is of interest that both cases of sleeve f cond 
since one cannot but be struck by the excellent resection had excellent results. The individ thie 
results that can be achieved in many cases of duo-_ results of the three techniques employed are sum- | 
denal ulcer by this easy and safe manceuvre, even in marized in Table XIV. There is no significant 
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difference to be noted between the results, but it would 
be fair to say that the results of partial gastrectomy 
presented are those of the Billroth I operation. 
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7. Recurrent ulceration :— 
a. Recurrent ulcers were proved in 40 (23:2 per 
cent) of the 173 traced surviving patients. 


Table XIV.—THE RESULTS OF TREATMENT OF PEPTIC ULCER BY THREE 
TYPES OF PARTIAL GASTRECTOMY 
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No. OF 
CASES 


SATISFACTORY 
RESULT 


TYPE OF 
GASTRECTOMY 


UNSATIS- 
FACTORY 
RESULT 


DIED | 





Nl | 
| After | UNTRACED 
Discharge | 


In 
Hospital 








Billroth I 80 


Ba 





Polya 7 


I 





i 
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Sleeve resection 2 


° 





TOTAL | 89 


15 





SUMMARY 


1. An attempt was made to trace the end-results 
of treatment of 292 cases of peptic ulcer with special 
reference to the effects of war-time conditions in 
London. 

2. The average follow-up period was 6-09 years 
with standard deviation of + 2°07. In all cases 
the last four years were spent under war-time 
conditions. 

3. Two hundred and eleven (73 per cent) of the 
292 patients were traced, 4o being dead and 171 
alive. 

4. Seventy-five (43 per cent) of the surviving 
patients had been free of symptoms since treatment, 
47 (27 per cent) had had less trouble than before 
treatment, and 51 (30 per cent) were unimproved or 
worse. 

5. The results were analysed according to type 
of treatment and tested for significance by statistical 
means. One source of error which is unavoidable 
isrecognized. Since the author is surgically trained, 
the results presented probably reflect a degree of bias 
in favour of surgery. 

6. Results.—_ 

a. Gastric ulcer: In spite of the fact that the 
more severe cases came to surgery, partial gastrec- 
tomy gave the best results in gastric ulcer. The 
tesults of both medical treatment and conservative 
surgery were very poor. 

b. Duodenal ulcer without stenosis: Surgical treat- 
ment, radical or conservative, gave significantly 
better results than medical treatment in duodenal 
ulcer. But there is no clear indication that partial 
gastrectomy gives a higher proportion of good 
results than does gastro-enterostomy. The evidence 
available is suggestive but not conclusive that 
gastrectomy is to be preferred. The high war-time 
tate of jejunal ulcer after gastro-enterostomy supports 
this view. 

c. Pyloric stenosis: All cases of this condition 
Were treated by gastro-enterostomy and the results 
Were good, 12 of 15 traced survivors showing satis- 
factory results. 

d. Anastomotic ulcer: The 5 traced cases of this 
condition were treated by gastrectomy with satis- 
factory results in 4. 


b. Recurrent ulcers were as common in gastric 
as in duodenal ulcers, 24:7 per cent and 25:7 per 
cent respectively. 

c. The recurrence rate was much the lowest after 
partial gastrectomy (7:3 per cent), while that after 
gastro-enterostomy and medical treatment was much 
higher (24:2 per cent and 38-3 per cent respectively). 

8. Causes of recurrent ulceration. No signifi- 
cant relationship can be found between recurrent 
ulcer and either acid levels before treatment or the 
age of the patient. Many patients with high acid 
levels remain symptom-free after treatment, and 
there were many patients between 50 and 70 who 
developed recurrent ulcers. 

9g. These results were compared with a series 
treated in peace-time in New York Hospital and they 
are similar within a fairly narrow margin of error. 


CONCLUSION 


Contrary to what might be expected, living 
conditions in London during the recent war appear 
to have had little effect on the end-results of treat- 
ment of peptic ulcer, except that the incidence of 
recurrent ulcer after conservative measures seems 
to be somewhat higher than in peace-time. 
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INTERNAL SUPRAVESICAL HERNIA 
WITH REPORT OF A CASE 


By ROY MILLER 


SURGICAL REGISTRAR, KING’S COLLEGE HOSPITAL 


VerY little has been written in this country about 
this rare type of hernia. Rendle Short (1925) was 
doubtful whether as many as three cases had been 
authentically reported, and Wakeley (1940), in 
reporting a supravesical hernia which had extended 
into the cave of Retzius, stated that less than ten 
such cases had been recorded. 

Warvi and Orr (1940), however, in an exhaustive 
study of the literature, collected 38 authentic case 
reports and 23 doubtful ones. They revealed 23 
cases in the German literature, commencing with 
Linhart’s case in 1856. The condition was recog- 
nized earlier than this, however, for in Sir Astley 
Cooper’s book, published in 1804, there is a plate 
showing six hernial orifices, of which two are 
supravesical. 

Since 1940 another case has been reported by 
Berson (1943), which, with Wakeley’s case, brings 
the total number of authentic cases published to 
date to 40. 

Anatomy.—The supravesical fossa is a triangular 
area bounded laterally by the lateral umbilical fold 
of peritoneum covering the obliterated umbilical 
vessels and below by the reflection of the peritoneum 
on to the dome of the bladder. This fossa is divided 
in the median plane by the fold of peritoneum over 
the urachus. Below the peritoneal reflection is the 
potential space between the symphysis pubis and 
the bladder which is known as the cave of Retzius, 
or prevesical space. 

Nomenclature.—A great variety of names has 
been employed by different writers to designate 
herniz in this region. Warvi and Orr list 22 such 
names. The simplest classification, however, is 
undoubtedly that which groups them all as supra- 
vesical herniz, since they all arise in the supravesical 
fossa, and then adds to this title other terms to imply 
the direction in which the protrusion occurs in the 
extraperitoneal tissues. 

The first great division of supravesical herniz is 
into external hernie and internal hernie. External 
herniz are relatively common and present at the 
inguinal, femoral, or obturator openings or in the 
hypogastrium between the rectus muscles. They 
may be dismissed by saying that they offer no 
particular diagnostic or therapeutic problem. 

Internal supravesical herniz are classified accord- 
ing to whether they extend into the cave of Retzius 
(prevesical), into the bladder (intravesical), beside 
the bladder (paravesical), or more laterally in the 
pelvis (lateral). No case of interstitial supravesical 
hernia has yet been reported. 

Thirty-three of Warvi and Orr’s 38 authentic 
cases were prevesical in position, as were Wakeley’s 
and Berson’s cases. Only 2 cases, those of Fromme 
(1908) and Reich (1909), were towards the obturator 
canal, or paravesical. The case here described is 
another such. 


CASE REPORT 


W. G., a male aged 60, was admitted to King’s College 
Hospital in the evening of Sept. 3, 1946, complaining of 
central colicky abdominal pain and severe vomiting of 
five days’ duration. The vomiting was almost continuous 
and the vomitus was feculent. The bowels had not been 
open since the onset of pain, no flatus had been passed 
per rectum, and there was no fecal result from an enema, 
There were no micturition symptoms, and examination 
of the urine revealed no abnormality apart from the 
absence of chlorides and the presence of acetone. 

The patient had never experienced similar pain and 
vomiting in the past, but had been discharged from 
another hospital three weeks previously after fourteen 
weeks’ treatment for duodenal ulcer. 

On EXAMINATION.—The patient was dehydrated. 
His temperature was 92-6°, pulse-rate 90, respiration rate 
22, blood-pressure 140/90. ‘There was slight epigastric 
fullness only, no visible peristalsis, no abdominal tumour, 
and no tenderness. Intestinal sounds were exaggerated. 
The external hernial orifices were normal. Rectal 
examination showed no feces in the rectum, but a soft, 
rather indefinable mass was felt anterior to the rectum 
on the left side of the bladder. It is to be regretted that 
the significance of this physical sign was not appreciated 
before operation. 

A clinical diagnosis of high intestinal obstruction was 
made, and this was thought to be due most probably to an 
internal hernia. A ‘ scout’ plain X-ray film of the abdomen 
was taken in the attempt to localize the lesion, but no 
distended coils of gut or other abnormality could be seen. 

Intravenous drip saline and gastric aspiration through 
a Ryle’s tube were instituted. Atropine, ;35 gr., was 
given hypodermically. 

AT OPERATION.—Laparotomy was then undertaken 
through a right paramedian incision under general 
anesthesia. There was no free fluid in the peritoneal 
cavity, but distended coils of jejunum were at once seen. 
These distended coils of jejunum and the collapsed 
coils of ileum were followed towards their point of union, 
and the exploring hand was thus led deeply into the 
pelvis, where a soft fixed mass was palpated in the region 
of the bladder. The incision was lengthened to the 
pubes and the pelvis explored. The small intestine was 
seen to be entering an orifice in the peritoneum of the 
supravesical fossa on the left side of the urachus. 

In order to explore the region more completely, the 
peritoneum was stripped off the anterior abdominal wall, 
when it could be seen that the mass was lying in the 
extraperitoneal tissues adjacent to the obturator canal. 
The mass was easily separable from the lateral wall of the 
pelvis, however, and the obturator canal was then found 
to be of normal size, i.e., it did not admit the little finger. 

The accompanying diagram shows the findings 4 
operation (Fig. 83). 

The neck of the sac was stretched and the contents 
easily reduced. A loop of small bowel about 8 cm. long 
had been strangulated, but its wall was viable and required 
no operative interference. 

On further examination of the sac, the orifice was 
found to admit two fingers. There was a firm fibrous 
margin to the neck. The sac itself was more distensible; 
it was about 5 cm. deep, and the obturator canal cou 
be palpated through the fundus of the sac. 
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An attempt was made to evert the sac in order to 
excise it completely, but the attempt merely resulted in 
dragging out the extraperitoneal tissues with the fundus 
of the sac. The neck of the sac was therefore simply 
closed with a continuous catgut suture. 

Finally, the duodenum was examined and the ulcer 
seen to be scarred and probably healed. The abdomen 
was closed without drainage. 

PROGRESS.—Post-operatively, the intravenous saline 
drip was continued at a rate of about three litres per day. 
Continuous gastric suction was employed to relieve 
intestinal distension. In view of the length of the abdo- 
minal incision and the consequent danger of pulmonary 
atelectasis, the patient was given systemic penicillin 
and sulphadiazine in addition to the routine breathing 
exercises. Sedatives and analgesics were administered 
as necessary. 


Obliterated umbilical 
vessels 


Urachus 


Supravesical fossa 
Medial inguinal fossa 






— 


Lateral inguinal 
fossa 


Fic. 83.—Drawing showing the position of the 
hernia. 


The patient’s general condition improved slowly. 
Gastric aspiration was discontinued after 36 hours, but 
became necessary again on the fifth post-operative day 
on account of abdominal distension and vomiting. The 
bowels were opened spontaneously on the sixth day and 
gastric suction was again discontinued on the seventh 
day. Chlorides returned to the urine on the ninth day, 
and the saline drip was discontinued. In spite of 
breathing exercises and frequent changes of the patient’s 
position in bed, there was a collapse of the right lower 
lobe of the lung ; serious effects were prevented, however, 
by the prophylactic use of chemotherapy and penicillin. 

ulphadiazine was discontinued on the eight day, after 

a total dose of 42 g., penicillin was continued, first by 
three-hourly injection and later by daily injection in oil. 
The patient was got out of bed on the fourteenth day, 
after which the lung rapidly re-expanded and penicillin 
could be discontinued. 

The patient was discharged from hospital on Oct. 5, 
1946, free of symptoms. 


DISCUSSION 


Diagnosis.—Stalker and Gray (1939) deny that 
a definite pre-operative diagnosis of internal supra- 
vesical hernia can ever be made. Fromme (1908), 
however, evidently succeeded by observing through 
a Cystoscope the bulge of the hernia into the bladder. 

cturition symptoms may be produced by the close 
Proximity of the hernia to the bladder, or there may 
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be tenderness immediately over the pubes. In some 
cases a ‘ scout ’ X-ray film has aided in the diagnosis. 
None of the above findings were present in the case 
here described, but cystoscopy was not performed. 

The swelling palpable per rectum in this case 
might have suggested the correct diagnosis, but 
unfortunately the physical sign was considered 
too indefinite to be relied upon. It is of interest 
that although the sac was immediately adjacent to 
the obturator canal, no pain was referred along 
the obturator nerve to the knee, as is usual with a 
true obturator hernia. 

Males are more commonly affected than females 
in the proportion of 9 to 1, and the age has varied 
from 22 to 75, with an average of 51. 

Symptoms are invariably produced only by 
visceral retention in the hernial sac ; the small bowel 
is nearly always involved. The clinical features are 
therefore those of high intestinal obstruction, i.e., 
central colicky abdominal pain, severe vomiting 
rapidly becoming feculent, slight distension, and 
absolute constipation. The great majority of cases 
have been discovered at exploratory laparotomy for 
this clinical picture, and the average duration of 
symptoms prior to operation has been six days. 

Treatment.—Treatment is that of intestinal 
obstruction and strangulation. The hernia is re- 
duced and the sac obliterated. Resection of bowel 
increases the mortality. Of 37 authentic cases in 
which the results are known, there have been 15 
deaths, giving a mortality-rate of 40°5 per cent. 
Some surgeons have recommended inverting the sac, 
transfixing the neck, and removing the excess. 
Nothing is gained, however, by this more elaborate 
procedure, since no recurrence has ever been reported 
following simple closure of the neck of the sac with 
interrupted or continuous sutures. 


SUMMARY 


Supravesical internal hernia is a rare form of 
hernia and extension towards the obturator foramen 
provides one of its rarest types. Another such hernia 
is reported. The diagnosis was not made before 
operation, but a soft mass palpable per rectum might 
have suggested it. Recovery followed reduction of 
the hernia and closure of the neck of the sac. 


I should like to thank Sir Cecil Wakeley for 
permission to publish this case. 
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MASSIVE NEOPLASTIC EMBOLISM 
By ANTHONY S. TILL anp E. A. FAIRBURN 


FROM THE WARDS AND BLAND-SUTTON INSTITUTE OF THE MIDDLESEX HOSPITAL 


THE vast majority of the phenomena associated with 
the process of embolism has been periodically re- 
described ever since the classical pioneer investiga- 
tions of Rudolf Virchow, a little under a century 
ago. Massive tumour embolism has, however, 
received but scant attention, probably as a result of 
the rarity of the occurrence and of the difficulties 
of establishing conclusively that the condition is 
truly of this nature. The purpose of this paper is 
to review the current knowledge of the subject and 
to record a further proven case. Much of our 
information on this topic has been culled from the 
exhaustive writings of Willis (1934) on the spread of 
malignant disease. 

Tumour emboli vary greatly in magnitude. At 
the one extreme they may consist of mere isolated 
cells, and at the other of irregular masses of growth 
and thrombus in variable proportions easily visible 
to the naked eye and on occasion even large enough 
to produce fatal pulmonary embolism (Willis, 1934). 
There is no doubt that the larger vessels when 
invaded by growth are more likely to be a source of 
major emboli than are microscopical blood channels. 
The latter are usually rapidly occluded by a process 
of thrombosis, while should an embolus be liberated 
it must of necessity be of minute dimensions. 


Embolus formation is far more likely to occur when 
growth directly invades the wall of a large vein, or 
when neoplastic thrombus has extended along the 
lumen of a tributary to the major vessel, forming in 
each instance a polypoid mass projecting into the 


blood current. Clearly such a happening affords 
an opportunity for the liberation of an embolus of 
massive proportions. 

When the nature of the tumour itself is considered 
it is seen that there are two main factors influencing 
the likelihood of embolus production. The first 
is rapidity of growth with its tendency to imperfect 
formation of blood channels, and the increased possi- 
bility of rapid penetration of vein walls with minimal 
secondary thrombus production. The second is an 
inherent tendency to intravascular invasion on the 
part of the tumour (e.g., chorioncarcinoma). Cer- 
tain types of neoplasm exhibit one or other of these 
features with notorious regularity. They include 
the majority of the more rapidly growing sarcomata, 
the more malignant varieties of mixed tumour, 
chorioncarcinoma, hypernephroma, and carcinoma 
of the lung. 

The great majority of the tumour emboli liberated 
by such growths are of microscopical dimensions. 
Very occasionally, however, an embolus attains 
proportions sufficient to produce major arterial 
occlusion with macroscopical changes (usually infarc- 
tion) distal to the site of impaction. Such massive 
emboli will, naturally, be halted in the afferent 
channels of the first capillary network encountered. 


Thus it is that emboli originating in the systemic - 


veins will become impacted in the lungs, those from 
the pulmonary veins will be arrested in any one of 
the branches of the systemic arterial system, while 


emboli formed in the radicles of the portal vein 
will produce hepatic lesions. The phenomena of 
paradoxical and of retrograde venous embolism 
provide exceptions to this generalization. Finally, 
it is to be noted that in a consideration of the sites of 
formation of emboli in general the left side of the 
heart plays a leading role, while, on the contrary, 
neoplastic emboli are very rarely of this parentage. 

Our study of the literature has yielded amongst 
others the following examples of massive tumour 
embolism: in the brain (Thompson and Evans, 
1929); in the kidney (Kaufmann, 1896); in the 
spleen (Yokohata, 1927); in the lungs (Andrée, 
1874) ; and in the liver (Lazarus-Barlow, 1899). In 
each of these cases thrombus containing tissue indis- 
tinguishable from the parent growth was found 
occluding an afferent vessel, while the organ itself 
showed evidence of infarction. Our patient devel- 
oped gangrene of an extremity from this cause. 
We have been unable to find a record of a similar 
proven case. 


CASE REPORT 


W. S., a man aged 50, employed as a chauffeur, was 
admitted to the Middlesex Hospital under the care of 
Mr. P. B. Ascroft on Dec. 27, 1945, complaining of 
severe pain referred to the right calf and foot. The 
patient stated that the pain had commenced while going 
to work at approximately 9 a.m. that day. Slight at first, 
it soon became so severe that he was unable to stand. On 
admission at 4 p.m., he described the pain as an unbear- 
ably fierce gripping sensation shooting through the calf, 
whereas the foot felt cold and dead. 

For the past four years, the patient had noticed a 
general deterioration in his health. In 1943 a barium 
meal had disclosed the presence of gastric ulceration. 
Two months before admission he had developed a cough, 
with intermittent mucoid expectoration. He had also 
experienced transient visual black-outs, and had noticed 
recently dull pain in his calves on walking any appreciable 
distance. There was no other relevant past or family 
history. ; 

On EXAMINATION.—He was a middle-aged man i 
poor general health. He was obviously in severe pain. 
The blood-pressure was 130/80, the pulse-rate 72, the 
temperature 98-4° F., and the respiratory-rate 20. The 
distal portion of the right lower limb was cold and pale 
to within 15 cm. of the knee-joint. There was some 
reduction of cutaneous sensation in the foot. No pulsa- 
tion could be felt in the dorsalis pedis or posterior tibial 
arteries. The common femoral pulse was present. In 
the left lower limb pulsation was normal. No superfic 
thromboses were detected. There was no other cardio- 
vascular abnormality, beyond some slight prominence 0 
the brachial arteries. The fingers were clubbed. Minor 
impairment of percussion note and reduction of air entty 
were noted over the upper lobe of the right lung, but 00 
account of the urgent condition which brought him to 
hospital—ischzmia of the lower limb—the significance of 
these observations was overlooked. The other systems 
showed no abnormality. The urine was normal. Hemo- 
globin was 102 per cent (14'8 g.). A soft-tissue radio- 
graph of the legs showed no calcification of the vessels. 

A provisional diagnosis of femoral thrombosis rather 
than embolism was made, since the outset of pain was 
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not abrupt and there was no apparent site for embolus 
formation, while the past history had been suggestive of 
early intermittent claudication. It became clear, how- 
ever, from subsequent events, and the eventual autopsy, 
that the condition was in point of fact due to femoral 
embolism. 

MANAGEMENT.—On Dec. 27, in the hope of increasing 
the collateral circulation and minimizing thrombosis, the 
right lumbar sympathetic chain was injected with 20 c.c. 
of 2 per cent procaine hydrochloride, while 320,000 
Toronto units of heparin were administered by intermittent 
intravenous injection over the course of six days. Notwith- 
standing these measures definite evidence of dry gangrene 


expert opinion of the chest condition. An artificial 
pneumothorax showed the opacity to be intrapulmonary. 
Bronchoscopy was performed by Mr. F. J. S. Gowar. 
There was marked widening of the carina and bulging of 
the right wall of the lower portion of the trachea and 
right main bronchus. No tumour tissue was found. 
However, the mass increased rapidly in size and a right 
pleural effusion soon made its appearance—features 
which satisfied Dr. Beaumont of the malignancy of the 
lesion. The patient’s general health remained sur- 
prisingly good for some two months, until engorgement 
of the cutaneous venules of the upper chest followed by 
cedema of the face and upper limbs hailed the advent of 


Fics. 84, 85.—Postero-anterior and lateral radiographs of chest, showing the primary pulmonary carcinoma. 


had appeared by Jan. 2, 1946. This process of ischemic 
death pursued a remarkably dilatory course. There was 
at first no sharp line of demarcation between the living 
and dead tissues, discoloration was slight, cedema was 
absent, while signs of inflammatory reaction were lacking. 
Nevertheless, almost the entire foot gradually became 
involved in a process of shrinkage and desiccation. A 
possible explanation was that the arterial flow was never 
suspended in its entirety, while the venous return was 
always more than adequate. 

The limb pain gradually diminished towards the end 
of the first week, and had disappeared entirely by the 
third week following admission to hospital. 

A few days after the commencement of treat- 
Ment, attention reverting to the pulmonary signs and 
clubbed fingers, the chest was X-rayed. In the right 
upper zone, abutting on the superior mediastinum, 
lay a large, rounded, well-defined opacity (Figs. 84, 
85). The radiographic appearances of the mass— 
Precise regular outline, symmetry, and in the neighbouring 
ung tissue changes accountable to pressure alone— 
Were similar enough to those of cysts and innocent 
gtowths to demand diagnostic proof before the lesion 
Was accepted as malignant. The Wassermann and 

Soni reactions were found to be negative. An intra- 
venous pyelogram was normal. The patient was then 
transferred to the care of Dr. G. E. Beaumont for his 


superior vena caval obstruction. The right foot was 
now completely mummified. 

On Feb. 17 the limb was amputated at a point 
Ir cm. below the knee-joint. This was preceded by 
the exposure of the common femoral artery and its 
injection with 10 c.c. of diodone. Radiographs failed to 
reveal the arterial tree, however. Healing took place by 
first intention, leaving a sound mobile stump. Examina- 
tion of the amputated leg showed dry gangrene of the 
whole foot, extending back to the heel. The anterior 
and posterior tibial arteries were dissected out and no 
naked-eye occlusion was found ; subsequent histological 
section of these vessels also revealed no abnormality. 

On March 4 a course of deep X-ray therapy was 
commenced, but had to be abandoned after only a few 
sessions owing to increasing dyspnoea and cedema. 

Death occurred on March 19. 

PATHOLOGY.— 

Abstract of Post-mortem Findings. (B.S.I., P.M. 
No. 36/46.).—The body was that of a middle-aged man 
of good physique and nutrition with generalized cedema 
of the upper limbs and advanced clubbing of the fingers 
and toes. The right lower limb had been amputated 
below the knee, and a surgical incision 5 cm. in length 
was present below the right inguinal ligament. Both 
wounds were soundly healed. The right pleural cavity 
contained widespread adhesions, with a loculated effusion 
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of 75 c.c. of clear amber fluid in the right lower zone 
posteriorly. The trachea and bronchi showed catarrhal 
inflammatory changes. The right upper-lobe bronchus 
was occluded by tumour from a point 3 cm. from its 
origin. The right upper lobe (weight 1860 g.) was 


\ 





Fic. 86.—Section of the pulmonary growth showing 
(X 440.) 


oat-cell carcinoma. 





Fic. 88.—Section of femoral artery showing portion of vessel 
wall and vascularized oat-cel! carcinoma. (x 80.) 


almost completely replaced by semiliquid necrotic 
carcinoma with occasional peripheral islands of firmer 
texture, while the right middle and lower lobes were 
collapsed. The superior mediastinum was widely infil- 
trated by firm, pale growth. The great veins showed 
considerable constriction of their lumina, but no intra- 
vascular invasion was demonstrated. There was no 
evidence of lymph-glandular metastasis. The lepto- 
meninges were hyperemic, with a marked excess of 
cerebrospinal fluid in the subarachnoid space. The 
brain on section showed generalized congestion. The 
right femoral artery was occluded by ante-mortem throm- 
bus from a point 1-5 cm. proximal to the origin of the 
profunda femoris, extending for a distance of 8 cm. 
distally. The remaining organs showed no relevant 
abnormality. 


SURGERY 





HisTOLoGy.—The lung growth was a typical oat-cel] 
carcinoma with extensive areas of necrosis and secondary 
infection (Fig. 86). At many points tumour fragments 
were observed within pulmonary venules (Fig. 87). No 
associated thrombus formation was seen. Sections of 





Fic. 87.—Section of the pulmonary growth showing oat-cell 
carcinoma within a pulmonary venule. (x 160.) 





Fic. 89.—High-power view of tumour tissue within 


femoral artery. (xX 400.) 

the femoral and profunda femoris arteries showed 
occlusion of the lumen by organizing thrombus with 
zones of atheromatous change. This. thrombus housed 
a peripheral mass of actively dividing vascularized carci- 
noma histologically indistinguishable from the pulmonary 
tumour (Figs. 88, 89). Tumour tissue was demon- 
strated in the distal 1-5 cm. of the common femoral artery 
and the proximal 0-5 cm. of the profunda femoris (Fig. 
90). The periarterial tissues were entirely free from 
growth. Sections of the external iliac, popliteal, and 
tibial vessels showed no abnormality. 


DISCUSSION 


In this case the site of origin of the embolus was 
without doubt the occult pulmonary carcinoma. 
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SPASM AS 


Theoretically, the tumour mass observed within 
the femoral artery might have attained its final state 
by one of the following means: (1) Growth and 
thrombus together formed within a branch of a 


Common femoral 
artery 







Growth 


Profunda 
artery 


Thrombus 








Superficial femoral 
artery 








Fic. 90.—Diagram showing growth and thrombus 
at bifurcation of femoral artery. 


pulmonary vein and subsequently became detached, 
the amount of neoplasm in the embolus probably 
being relatively small initially. (2) A microscopical 
tumour embolus secondarily invaded a previously- 
formed femoral arterial thrombus, either by way of 
the lumen of the femoral artery itself, or via the vasa 
vasorum and capillaries of the organizing clot. It is 
considered that the former process is by far the 
most probable. 


A FACTOR 
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Bronchogenic carcinoma commonly invades the 
pulmonary capillaries and veins (McDonald and 
Heather, 1939). The tumour emboli so formed 
are, however, usually of microscopical dimensions 
owing to the constant respiratory movements and 
pressure variations causing detachment before any 
appreciable size has been attained (Willis, 1934). 
In our case detachment of the mass of growth and 
thrombus which it had provoked must have occurred 
before organization had anchored the tissue firmly 
in position. Impaction at the bifurcation of the 
common femoral artery called forth further throm- 
bosis, vascularization, and intraluminal growth 
extension. 


We wish to express our thanks to Mr. P. B. 
Ascroft, under whose care this case was treated at 
the Middlesex Hospital, and to Professors James 
McIntosh and R. W. Scarff, of the Bland-Sutton 
Institute of Pathology, for much helpful criticism 
and for permission to publish the case ; to Professor 
R. A. Willis and Dr. G. E. Beaumont for their 
advice; and to Dr. Graham Hodgson, of the 
Collins Diagnostic X-ray Department, for the 
radiographs. 
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SPASM AS A FACTOR IN APPENDICITIS 
By W. H. BOWEN 


SURGEON TO ADDENBROOKE’S HOSPITAL, CAMBRIDGE 


It was Aschoff’s opinion (1931) that appendicitis 
starts as a catarrh of the mucous membrane and in 
Its earliest manifestations may be devoid of obvious 
signs or symptoms or these may be so negligible 
as to be easily overlooked. He also held the opinion 
that most people have an attack some time during 
their lives and that appendicitis was probably as 
common as tonsillitis. He based this latter opinion 
on the examination of appendices removed when the 
abdomen was opened for other operative work than 
appendicectomy and on post-mortem records. He 
believed that when the catarrhal attack did not last 
more than twenty-four hours the disease did not pass 
beyond the mucous membrane and the deeper coats 
were left undamaged. No good reasons are given 
for this last opinion. There is evidence that shorter 
attacks may lead to diffuse involvement of other 
Coats, 

There is no need to discuss in detail the various 
theories advocated by different workers on the 
aetiology of the disease, as they have been previously 


considered and rejected. They include Aschoff’s 
segregation of organisms in the distal part of the 
appendix, Lansdown and Williamson’s contention 
that the primary infection begins in the submucous 
solitary follicles, and Rosenow’s of a selective 
affinity. In regard to this last theory Aschoff has 
pointed out that the streptococcus of tonsillar 
infection and the enterococcus found in appendical 
infection are different organisms, and that conversion 
of the one into the other in the course of its passage 
through the gut is against all precedent. 

The most complete study of the stercolith we 
owe to Shattock (1920). It is allied to a scybalous 
mass and has a similar origin. In extreme cases it 
develops the consistency of stone—hence its name. 
Its formation Shattock attributed to a “ neuro- 
muscular fault”’. It lay with Sadyoun and Oppen- 
heimer (1939) to explain more clearly the nature of 
this fault. In a pathologico-roentgenological in- 


vestigation extending over a period of three years 
they showed that once the barrier of the submucous 
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coat had been passed the muscular coat and nerve 
ramifications were involved, with resulting degenera- 
tive changes. These observers finally postulated 
that stasis in the appendix was clear evidence of 
past disease. This being so, the presence of fecal 
accumulation in chronic disease and of a stercolith 
in acute disease are alike explained as due to previous 
attacks. If of such severity that the muscular wall 
and nervous elements have become involved, the 
mechanical powers of the one and the stimulus of 
the other are lowered and may fail to co-ordinate. 
Thus the appendix can no longer be functionally 
efficient. This is the scientific explanation of 
Shattock’s “‘ neuromuscular fault ’’. It is clear that 
the degree of dysfunction must vary with the damage. 

The hypothesis of spasm as a factor in appendi- 
citis was first considered when analysing a series of 
cases of obstructive appendicitis. It was found 
that in about 30 per cent of cases the obstruction was 
not associated with any mechanical blockage—no 
stercolith, stenosis, kink, or bend was present. When 
the appendix was opened up there was nothing 
present to explain the local distension of the appendi- 
ceal wall. The possibility of a stercolith having 
been present but extruded is improbable, for this 
must have taken place before the distal part had 
become damaged by the stretching and thinning of 
the musculature, a well-marked feature in these 
cases. The only reasonable explanation of the 
phenomenon appears to be some narrowing of the 
lumen holding up the contents proximal to the dis- 
tension, and local contraction by spasm in the 
absence of stenosis from former disease appears to 
be the only possible solution. Once the hypothesis 
of spasm has been formulated its possible association 
with other phases of the disease merits some further 
consideration. 

Since reading Sadyoun and Oppenheimer’s paper 
a careful examination has been made in cases of 
chronic appendicitis coming to operation and this 
has corroborated the conclusions they arrived at. 
Stasis has been an outstanding feature. It is not the 
only one, for other signs are usually forthcoming. 
The peritoneal coat often shows signs of chronic 
congestion in the form of leashes of fine vessels and 
thickening and fibrosis of the wall, most pronounced 
in the distal part. The extreme end is often bulbous, 
with narrowed lumen and fibrosis. With this picture 
there may or may not be congestion of the mucous 
membrane, often local and of a low grade but 
distinct. With such congestion there is often a 
history of some abdominal discomfort, occasionally 
pain, but seldom colic; local tenderness on exam- 
ination of the right iliac fossa; nausea and furred 
tongue. This is a general impression arising out of 
some years of systematic examination of appendices 
removed after operation without any recent acute 
attack. It is this persistent congestion of the mucous 
membrane, a persistence of the catarrh, which 
probably supplies the clinical picture. If this con- 
gestion of the mucous membrane is not present the 
clinical features set out above may be absent in 
greater or lesser degree and pain, limited to the right 
iliac fossa, be the only complaint. In these cases 
the appendix may be characterized by fibrous changes, 
with attenuation, constriction, and even disappear- 
ance of the lumen. The mucous membrane appears 
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SURGERY 


completely destroyed in many cases. In this type 
of case fecal stagnation is seldom seen and if present 
is trifling. That they are the cause of the local 
persistent pain is shown by relief in many cases 
when investigated some years after removal. Some 
observers have looked upon the condition as q 
gradual degeneration. There is no ground for this 
view based on any similar changes in other parts of 
the bowel. Moreover, they are not separate and 
distinct entities, for gradations from one to the other 
can be found. 

In contradistinction to the fecal stagnation in 
chronic cases is the empty lumen in cases of acute 
disease. Excluding cases where a stercolith is 
present, and usually the sole occupant of the lumen, 
the absence of fecal stagnation in acute appendicitis, 
where the whole appendiceal wall is swollen and 
congested, may be said to be outstanding. In many 
of these cases of empty lumen there is a history of 
previous attacks and examination of the appendix 
after removal often shows signs of former disease. 
Again, stercolith formation is evidence of stagnation. 
It is not uncommon to find such stagnation distal 
to the stercolith, but it is uncommon to find it 
proximal to it. How can these facts be explained? 
The following argument is put forward as the frame- 
work of a hypothesis. 

Physiologically, the emptying of the appendix 
should, and does (Sadyoun and Oppenheimer), 
precede that of the czecum, just as the distal part of 
the bowel is emptied before the more proximal part. 
Fecal stagnation in the appendix is an abnormal 
state. It has been pointed out that, in the presence 
of inflammation, there is some reason to believe that 
it sets up a spasmodic activity to get rid of its contents. 
An attack of acute appendicitis is associated with 
severe colic varying in degree, and it seems reason- 
able to conclude, in view of (1) the liability to pain 
in chronic congestive types and its absence in the 
case where such congestion is not present, (2) 
the absence of fecal stagnation in the acute case 
where there is a clear history of previous attacks, that 
the colic of the acute case is the supreme effort to 
rid the appendix of stagnant fecal contents physio- 
logically misplaced, liable to irritate the swollen 
mucous membrane, and a dam to the exudation 
of mucus poured out. 

How can we explain the persistent presence of 
the stercolith? If we consider the significance of 
the stercolith as the deciding factor in the severe 
complications of the disease, as to which there can 
be no doubt, it would seem imperative that its 
removal should be ensured. If the stercolith 1s 
examined in situ after removal of the appendix it 
is not uncommon to find it relatively loose, mobile, 
and apparently easy of extrusion. Any fecal 
material proximal to it has usually been discharged. 
This fecal material is, however, soft and unresistant 
and very different from the stercolith, which is hard 
and unyielding. It is here that again the possibility 
of spasm comes into the picture. When the highly 
vascular and sensitive mucous membrane ‘comes 
into contact with the hard stercolith it seems reason- 


.able to form the hypothesis that fixity by spasm 


is the result and the permanency of its lodgement 
explained. We have a comparable picture in spasm 
of the pylorus in hyperacidity, of the faucial muscles 
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when an inflamed throat is examined with a spatula, 
and the sphincter ani in the presence of fissure or 
thrombosed pile. One might expect that this spasm 
would be more likely to occur where muscle and 
nerve are faulty from disease. One realizes that 
this is a hypothetical view and has but little bearing 
on practice, but three points may be stressed which 
are in part justified as a result of the arguments 
brought forward :— 

1. Any attack of appendicitis may lead to involve- 
ment of the neuromuscular components of the 
appendix, leading to stasis in the lumen and possible 
stercolith formation. Hence the inadvisability of 
waiting for a further attack. 

2. In any attack of appendicitis it is impossible 
in our present state of knowledge to say whether a 
stercolith is present. If one should be present 
(32 per cent) disaster is likely to follow. Hence 
the risk of waiting for any abatement of symptoms 
or signs. 
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3. The evils of a purgative, and the results are 
borne out by experience, is the likelihood of intensifi- 
cation of the spasmodic effort leading to early dis- 
aster. In some cases, but rarely, a purgative has 
appeared to abort the attack. In such cases it is 
probable that fecal material still present has been 
cleared by a more violent effort. It is unlikely, on 
the hypothesis set out, to extrude a really hard 
stercolith. On the contrary, it is likely to lead to 
earlier necrosis and perforation. It is always a 
dangerous experiment. 
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LYMPHOSARCOMA OF THE BLADDER 
REPORT OF A CASE 


By G. E. MOLONEY 


ASSISTANT SURGEON, THE RADCLIFFE INFIRMARY, OXFORD 


ALL authorities are agreed that sarcoma of the 
bladder is rare. McCarthy, Stepita, and Halperin 
(1929) collected 128 cases from the literature, and 
these have been added to at the rate of one or two 
a year since then. Munwes (1910), in an analysis 
of all types of malignant bladder tumours, found 
that the proportion of sarcomata was 4°5 per cent. 
The many histological varieties have been sum- 
marized by Gabe (1932), and of these lympho- 
sarcoma is the rarest. Rathbun and Wehrbein 
(1944), collected 5 cases from the literature and 
added a case of their own, making 6 recorded cases. 
Bladder sarcoma is usually fatal, there being but 
a dozen recorded cures. This present case does 
not brighten this unhappy corner of surgery, as the 
patient lived but three months after operation. It is 
recorded as the only instance traceable where total 
cystectomy was employed for lymphosarcoma. 


CASE REPORT 


History.—Miss M. S., aged 44, was admitted to the 
Radcliffe Infirmary, Oxford, on Dec. 15, 1945. Five 
weeks previously, having been in perfect health, she 
developed frequency of micturition, especially nocturnal, 
at first two-hourly, and later hourly, micturition then 
being scalding. The urine became thick and cloudy, 
but not blood-stained. Four days before admission the 
frequency was half-hourly. On the morning of her 
admission she developed severe pain in the urethra with 
temporary retention, until it was relieved by the passage 
of a “mass”. Just before admission she had a similar 
attack, this time preserving the mass, which was seen to 
Consist of green slough and calcareous debris. 

The past history revealed nothing suggestive of any 
Previous trouble with the urinary tract. In 1934 she had 
been treated at the Middlesex Hospital for enlarged, 
painful glands on the right side of the neck, which were 

gnosed as “ ? tuberculous” and were treated with 
Medium-voltage X-ray therapy. 


ON EXAMINATION.—The patient was a well-nourished 
Jewess. There was tenderness and slight guarding in the 
hypogastrium, especially just about the symphysis pubis. 
There was no lymphatic glandular enlargement in the 
neck or elsewhere. The liver and spleen could not be felt. 
Rectal examination showed some tenderness and indura- 
tion of the bladder base. The other systems were normal. 

The Urine.—Offensive, pinkish orange, containing a 
large mass of greenish slough interspersed with small 
stones and gravel, alkaline reaction, protein 500 mg. per 
cent, 15 R.B.C.’s, and § pus cells per c.mm. The only 
specimen sent for culture was reported as sterile. 

Intravenous Pyelography (Fig. 91).—Good concen- 
tration on both sides. Apart from slight distortion of 
the calices, no abnormality seen in the renal pelvis. The 
bladder shadow showed a large soft-tissue tumour with 
an irregular large cavity in the centre outlined by the dye. 
The radiographic appearance suggested neoplasm of the 
bladder. 

Cystoscopy.—The bladder capacity was reduced to 
2 oz. At all points the bladder walls consisted of grey 
slough. 

TREATMENT. — : 

Pre-operative Treatment.—Daily bowel wash-outs and 
10 g. sulphasuxidine daily for a week. 

First Operation (Jan. 9, 1946).—Pentothal and into- 
costrin anesthesia. Exploration was made through a 
midline lower abdominal incision. The bladder showed 
massive invasion by growth of all its walls except the 
upper part of the fundus. There was no peritoneal pene- 
tration and there was no sign of secondary invasion of any 
glands, adjacent organs, or the liver. From the findings 
and rapid history I formed the opinion that the mass was 
probably a sarcoma and decided to proceed to a total 
cystectomy. Accordingly, the ureters were transplanted 
intraperitoneally by the simple direct technique into the 
right and left sides, respectively, of the sigmoid colon. 
The operation field was dusted with sulphanilamide 
powder and the abdomen closed without drainage. 

The patient made good progress, passing urine the 
following morning from a tube left in the anus. The 
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anal tube was removed on the third day. An enema 
was not given until the sixth day. Anal control was soon 
well established. After a month she passed urine once 
only at night, and later was not disturbed at all at night. 
The blood-urea was 60 mg. per cent five days after 





Fic. 91.—The appearance of the ureters and bladder 
cavity displayed by intravenous urography. 


operation, and 28 mg. per cent twenty-six days after oper- 
ation. Deep pain from the bladder region became a 
prominent feature. 

Second Operation (Jan. 30).—Under pentothal and 
ether anesthesia the previous wound was excised. The 
bladder growth had greatly increased in size in the last 
three weeks, the whole of the fundus now being firm from 
infiltration. The bladder now filled the bony pelvis 
sufficiently to make a posterior approach impossible. 
There was no macroscopical evidence of infiltration of the 
iliac glands. The bladder, with its covering peritoneum, 
was first freed laterally, then anteriorly, and the urethra 
was cut across at a low level. The bladder was then 
peeled back from the vagina and uterus, the lateral 
pedicles being secured. On the left side was found a 
fine tube, running from kidney region to the bladder, 
with the lumen of a ureter and from which came a dribble 
of colourless fluid. It was assumed to be an accessory 
ureter, though none had been seen in the pyelogram or 
on search at the first operation. It was treated by ligation 
with thread. The pelvis was dusted with sulphanilamide. 
It was possible to close the peritoneum, but, to support it 
and to fill the dead space below the peritoneum, gauze 
packs were put to each side of the pelvis. Midline and 
urethral drains were used. 

Progress.—On the seventh day after operation the 
patient developed sudden pain in the right side of the 
chest and in the evening coughed some blood, the sputum 
being blood-stained for a week. The abdominal and 
urethral drainage points continued discharging for about 
two months, B. coli and pyocyaneus being grown from the 
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pus. A radiograph of the chest on Feb. 26 confirmed 
the occurrence of an infarct of the right lung. No other 
pulmonary lesions were evident. A course of deep X-ray 
therapy to the abdomen was started a month after opera- 
tion, 300 r being given daily for eighteen days. She 
was discharged to a convalescent home on April 2. 

On April 19 the patient was re-admitted with marked 
bilateral swelling of the cervical glands in the tonsillar 
regions. The right tonsil was markedly swollen, showing 
a deep sloughing ulcer. The airway was in danger of 
blockage and swallowing was difficult. The abdominal 
wound was healed, but there was slight urethral discharge, 
Deep X rays, 300 r daily for eleven days, were immediately 
started to the neck, and in a week the enlarged glands 
and tonsil had returned almost to normal. A radiograph 
of the chest showed definite secondary deposits in the 
lungs and enlarged hilar glands. The white count was 
normal. On May 9 the abdominal wound, which had 
been painful and swollen in its lower part for three days, 
discharged foul-smelling pus and broken-down tumour, 
a smear showing a mixed bacterial flora and growing 
B. coli. Her condition slowly deteriorated and she died 
on May 26, just twelve weeks from the time of the 
cystectomy. 

PATHOLOGICAL REPORTS AND COMMENT ON MorpHo- 
GENESIS.—Dr. A. H. T. Robb-Smith has kindly contri- 
buted these notes. 

The Bladder.—The specimen consisted of a grossly 
enlarged bladder measuring 17 X 12 X 8 cm. (Fig. 92). 
The whole of the internal lining was replaced by a 
greenish necrotic slough, beneath which was a solid 
infiltrating tumour up to 2 cm. in thickness, replacing 
almost the entire wall of the bladder. This appeared to 
extend to the peritoneal surface, but at no point was there 
an obvious discontinuity of the outer layer. 





Fic. 92.—The bladder specimen showing the ends of both 
ureters, and opened to display the internal urethral orifice and 
the massive invasion of the walls. 


Microscopically (Fig. 93) the whole thickness.of the 
wall was made up of small round cells of the lymphocyte 
series. These varied from mature lymphocytes t0 
There was a diffuse reticulin pattern an 
towards the periphery the remains of the smooth muscle 
wall of the bladder could be made out. The appearances 
were those of a lymphoblastic sarcoma of the bladder. 











led 
ler 


ra- 
he 


ed 
lar 
ing 


nal 
ge. 
ely 
ids 
ph 
the 
vas 
iad 
YS, 
ur, 
ing 
ied 
the 


i0- 
tri- 


sly 
)2),. 
ra 
lid 
ing 
to 
ere 


the 
yte 
to 


scle 
ces 











Post-mortem Examination. (This was strictly limited 
by the relatives to the abdomen.).—The body of a thin 
woman with a necrotic broken down lower abdominal 
midline scar. There was generalized enlargement of 
lymph-nodes in the cervical, axillary, and inguinal 
regions. Internal examination was limited to the abdo- 
men. It was found that the pelvis was filled by hard 
rubbery neoplastic tissue which extended up along the 
abdominal aorta and along the ventral abdominal wall 
inthe rectus sheath. The gastro-intestinal tract appeared 
natural; the spleen was small but was infiltrated with 
growth ; the liver was pale but showed no gross abnor- 
mality. Both kidneys showed infiltration in the pelves. 
All the abdominal lymph-nodes were enlarged and 
infiltrated. 

Histology.—There was considerable post-mortem 
autolysis. The liver showed a focal periportal prolifera- 
tion of lymphoblasts. The spleen showed a medullary 





disseminate following the operation. 
thesis accords with the clinical observation, and the 
fact that at post mortem there was a mass of growth 
in the pelvis spreading retroperitoneally is in keeping 
with such a viewpoint. 
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3. That there was lymphoblastic reticulosarcoma 
initially localized in the bladder which became 


This hypo- 


It is not uncommon in the reticulosarcomata, 
in addition to direct contiguity spread and dis- 
semination by blood or lymphatic borne emboli, 
to have a multicentric autochthonous proliferation 





FIG. 93.—Microphotographs of a section of the bladder, showing invasion of the muscle (A), by small round cells, and 
(B), by reticulin fibres. 


proliferation of lymphoblasts. The kidney showed a 
diffuse involvement of the peripelvic connective tissue 
and the lymph-nodes and retroperitoneal tissue were 
similarly infiltrated. In all these sites, the cytology was 
identical with that of the biopsy specimen of the bladder. 


Comment.—It is difficult to evaluate precisely 
the morphogenesis in this case. It is clear that 
before operation the presenting symptoms were 
referable only to the bladder and at operation there 
was no naked-eye involvement of the other abdominal 
viscera. At post-mortem there is clear evidence of a 
disseminate lymphoblastic reticulosarcoma with pre- 
sumptive involvement of the cervical and axillary 
lymph-nodes which became enlarged after the opera- 
tion. There are three possibilities :— 

I. That the enlarged lymph-nodes observed in 
1934 were due to a primary lymphadenopathy which 
after twelve years underwent sarcomatous change, 
with the bladder showing the principle involvement. 
This is not an uncommon sequence of events in 
certain primary lymphadenopathies (e.g., lymphoid 
follicular reticulosis), but were this the explanation 
One would have anticipated that there would have 
been significant lymph-node enlargement observed 
before operation. 

2. That there was a generalized lymphoblastic 
reticulosarcoma with the bladder being principally 
Involved, and after operation the other sites already 
Involved became more obviously enlarged. The 
same objections apply here as in the first possibility. 


which is the only satisfactory basis on which the 
hepatic, splenic, and extra-abdominal lymph-node 
involvement can be explained. 


DISCUSSION 


The recorded cases of this disease have been 
summarized by Rathbun and Wehrbein (1944), 
who added a case of their own. The notable 
feature of all these cases was a preceding period of 
months or years of urinary infection. These 
authors submit that this preliminary phase of infec- 
tion is necessary to initiate lymphosarcomatous 
change in the bladder, as, they maintain, the normal 
bladder contains no lymphoid tissue. Consequently, 
to introduce it into the bladder, they say, chronic 
infection with the formation of lymphoid collections 
must occur, these then undergoing a lymphosarco- 
matous change. ‘That may be so, especially in the 
type of semipolypoid growth they and two others 
describe. However, in this instance there was no 
preceding period of infection and the disease was, 
to all appearances, originating in the bladder. 
Neither externally, nor internally, by abdominal 
exploration, was any site but the bladder initially 
involved. In contradiction to Rathbun and Wehr- 
bein, Young (1926) states that the bladder has a rich 
network of lymphatics with some _ intercalated 
lymph-nodes, especially in its posterior aspect. It is 
possible that the disease started in one of these nodes 
and spread directly by the bladder network of 
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lymphatics. Dr. Robb-Smith, in his comment on 
morphogenesis following the post-mortem report, 
indicates that a primary origin in the bladder is the 
possibility which accords closest with the clinical 
observations and pathological findings. 

In the first two recorded instances of this disease, 
both specimens were post-mortem ones, the bladder 
walls being extensively occupied by growth. In 
the third case, also, the bladder was extensively 
invaded by a highly malignant growth. In the 
three other cases, the lesions were all well localized 
in the bladder and of low-grade malignancy, all 
being, fortunately, capable of resection, the latter 
two also having deep X-ray therapy. All these 
three latter cases recovered without evidence of 
recurrence. The most notable features of the 
present case were the extensive nature of the lesion 
five weeks after the onset of symptoms, the consider- 
able extent of the growth in the three weeks between 
the first and second operations, and the racing pro- 
gression to other organs in spite of excision and deep 
X-ray therapy. The rapid swelling of the cervical 
lymphatic glands and their equally quick regression 
during deep X-ray therapy, the ultimate filling of 
the pelvis and invasion of the abdominal wall. the 
posterior abdominal wall glandular invasion, the 
lung metastases, all in the space of twelve weeks, 
were further evidence of the highly malignant 
nature of the disease. 

The surgical problems were of much interest. 
In the first instance it was considered whether any 
interference was justifiable, but the marked frequency 
and bladder pain before transplantation of the 
ureters in contrast with the quick adaptation to 
normal, though anal, micturition after the operation, 
showed the justification of that step. The second 
stage called for further consideration as the growth 
was suspected of being a sarcoma. In favour of 
proceding to cystectomy were the facts that the 
growth was at that time macroscopically limited to 
the bladder, that even after transplantation of the 
ureters the patient made frequent complaint of 
marked pains in the bladder region, and, finally, 
that as the lesion was a rapidly-growing one, it 
would probably respond well to deep X-ray therapy, 
especially if the massive primary lesion was removed 
by surgery, giving a good outlook for months at 
least. Robb-Smith (1946) has shown in an as yet 
unpublished series of cases that in the lymphadeno- 
pathies, if the primary lesion is excised and deep 
X-ray therapy subsequently used, the results are 
much better than conservatism or the single use of 
deep X rays or surgery. And, as this principle of 
excision followed by X-ray therapy held strongly 
here, the lesion proving subsequently to be a lympho- 
blastic one, the procedure adopted may be considered 
justifiable, even though the result in this instance 
was nota cure. Against excision was the possibility 
of immediate mortality and doubtful benefit in such 
a highly malignant condition. Cystectomy was 
decided on, and, it must be confessed that, when the 
abdomen was opened and the marked spread of the 
disease throughout the bladder in three weeks was 
noted, it gave one a feeling, though no other spread 
was seen, that here was an overwhelming disease. 
And, even though the end was but three months 
away, the highly comfortable two months following 
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cystectomy, before the storm of malignant invasion 
burst again, gave some reward and justification for 
the procedure. 

The course of all types of sarcoma of the bladder 
after operation shows, mostly, a rapidly fatal issue. 
Albarran (1892) found that of 26 cases, 3 died soon 
after operation, and 10 had rapid recurrences, 
Munwes (1910) found that of 69 cases, 38 died 
shortly after operation. Of the lymphosarcomata, 
the first three cases died rapidly without operations 
on the bladder. The other three cases were of 
localized and less malignant types and after partial 
cystectomy showed no recurrences at 8, 20, and 
6 months respectively. The only case of sarcoma 
of the bladder recovering from the operation of total 
cystectomy, besides this present one, is that of Cecil 
(1926). In that instance bilateral ureterostomy was 
performed on the abdominal wall near the anterior 
superior iliac spines, the right ureter first, the left 
ureter two weeks later, and after an interval of three 
weeks the bladder was excised together with a part 
of the anterior abdominal wall invaded at the site 
of suprapubic cystostomy. The bladder was exten- 
sively invaded by what was considered to be a fibro- 
blastic sarcoma. His patient died of recurrence 
twenty-one months after operation. This present 
case is the only recorded instance of total cystectomy 
for lymphosarcoma of the bladder. 

In this type of case it is difficult to see how 
life can be saved except by the use of radical 
surgery with deep X-ray therapy at the earliest 
possible moment. Modern chemotherapy has 
rendered ureteric transplantation a much safer 
procedure and modern anti-shock therapy has lent 
aid to the long abdominal operation. Probably the 
best available treatment for these cases is a one-stage 
operation, combining ureteric transplantation and 
cystectomy. 


SUMMARY 


A case is described of highly malignant lympho- 
sarcoma of the bladder which was submitted to total 
cystectomy, the patient dying of rapid secondary 
spread three months later. The possible site of 
origin and the treatment of this condition are dis- 
cussed. 


I wish to record my thanks to Sir Hugh Cairns 
and Dr. A. H. T. Robb-Smith for help and advice ; 
to Dr. F. H. Kemp for the radiograph ; to Dr. B. 
Lusk for the microphotographs ; and to Miss Arnott 
for the drawing, 
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INFARCTION OF THE OMENTUM 





OF THE OMENTUM 


By M. S. CAGNEY 


RESIDENT SURGICAL OFFICER, VICTORIA CENTRAL HOSPITAL, WALLASEY 


AND GAVIN MILROY 
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IDIOPATHIC infarction of the omentum is a rare 
condition of particular surgical interest, not only on 
account of its uniqueness, but from the point of its 
differential diagnosis from other acute abdominal 
emergencies. Its rarity is evident from the fact 
that a search of the literature reveals only some 20 
reported cases, if we exclude that type of infarction 
associated with torsion of the omentum, which is 
somewhat more common. 

The condition was first described by Bush in 
1896, who considered trauma to be the causative 
factor, as did Hunter (1904), who reported 2 cases. 
In both these instances the condition simulated 
an acute appendicitis. No further occurrence was 
recorded until Eberts did so in 1920. Johnson 
(1932) described a case in a man aged 63 in 
which it was associated with cardiac insufficiency, 
and Hines (1934) one in a man aged 54 where the 
infarction was part of a massive thrombosis involving 
the omentum, mesentery, and spleen. Pines and 
Rabinovitch (1940) recorded a series of 6 cases and 
Schottenfeld and Rubinstein (1941) a series of 7, 
one of which is of particular interest as it occurred 
in a boy aged 7, the youngest sufferer on record. 
Totten (1942) has had 2 cases and cases have also 
been recorded by Berger (1938) and Bang-Dietrichsen 
(1941). 

It is interesting to note that a similar condition is 
mentioned by Ellison and Johnson (1939) affecting 
the appendices epiploice. They described 2 cases of 
infarction there, not associated with torsion, one of 
which simulated acute diverticulitis, the other acute 
cholecystitis. 


CLINICAL PICTURE 


The number of known cases is too small from 
which to draw accurate conclusions as to sex and age 
incidence, but only 3 have occurred in the female. 
Excepting the case previously mentioned occurring 
ina child aged 7, the age group 40 to 60 is most 
commonly affected, though it has been reported 
in several patients under 30. 

The primary symptom is pain, which is not at its 
most severe at the commencement of the attack but 
Works up to a crisis and has commonly been present, 
often with remissions, for several days prior to admis- 
sion to hospital. The site of the pain varies con- 
siderably and may be localized in any quadrant of 
the abdomen, but most commonly to the right iliac 
fossa. Pain in the back as pointing to an omental, 
Mesenteric, or retromesenteric lesion has been 
stressed as a diagnostic clue by some authors (Totten, 
1942), but is not mentioned as a common feature in 
the majority of reported cases and was not present 
nour patient. The temperature is usually, though 
hot invariably, raised to between 99° and 100°, with 
an increase in pulse-rate to between 90 and 100. 


Examination reveals generalized tenderness over 
the site of pain, with a more localized area of exquisite 
tenderness as a marked feature of all cases. Muscular 
rigidity varies considerably and there may be a 
palpable mass, depending on the area of omentum 
affected. 

It will be seen from the above that the clinical 
picture is indefinite and it is easy to understand 
why no case has yet been diagnosed pre-operatively. 
Most commonly the condition simulates acute 
appendicitis, the palpable mass, when present, being 
mistaken for an appendicular abscess; but it has 
been confused with such varied conditions as acute 
cholecystitis, perforation, diverticulitis, mesenteric 
thrombosis, and splenic infarction. Acute pan- 
creatitis and renal infarction are further conditions 
which might cause difficulty. 

Hematuria and melzna should give a lead in the 
last-named and mesenteric thrombosis respectively, 
but in general the diagnosis from other acute abdo- 
minal emergencies is difficult if not impossible. 

At operation the area of omentum found affected 
varies from a few square centimetres to a large part 
of that organ. In all previously reported instances 
the affected portion has involved the edge of the 
omentum. The condition may be a simple throm- 
bosis; there may be a surrounding lymphatic 
reaction ; free fluid may be present or the affected 
portion may actually be gangrenous. 

In all recorded instances the affected portion of 
the omentum has been excised, resulting, in uncom- 
plicated cases, in an uninterrupted recovery. 


PATHOLOGY 


The pathology of the condition is uncertain. 
It has been suggested in those cases occurring in 
patients with associated cardiac or vascular disease 
that the condition is an embolic one, but as in every 
instance where a biopsy has been made the throm- 
bosis has been found to be entirely venous, this 
theory cannot be accepted. 

Microscopical examination has invariably shown 
a venous congestion and thrombosis with an extra- 
vasation of blood. In some there has been a 
surrounding inflammatory reaction. 

Farr and Blackman (1933) have suggested that 
venous thrombosis, such as is found in idiopathic 
infarction of the omentum, is the primary factor in 
omental torsion, their theory being that the veins 
become distended on thrombosis and rotate round 
the accompanying arteries. Under the circum- 
stances this is impossible to demonstrate, though 
if correct it would appear that omental torsion is 
merely a possible end-result of the primary venous 
thrombosis and not in essence a distinct pathological 
entity. However, in view of the fact that thrombosis 
alone has been found in many cases at operation 
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after pain persisting over several days, it would seem 
that torsion does not follow inevitably. In any case 
the clinical differentiation between thrombosis and 
torsion is more in the nature of a diagnostic exercise 
than of any practical significance, owing to the fact 
that the abdomen must be opened before the differ- 
entiation can be confirmed. 

As to the cause of the venous thrombosis itself, 
Rabinovitch (1940) has demonstrated that a forceful 
pull on the neck of a rabbit can damage the intima 
of the jugular vein, with a resultant thrombosis ; 
this being especially the case if the venous flow is 
obstructed distally. He suggests a similar mechan- 
ism in omental thrombosis. Totten (1942), following 
the same line of argument, points out that the 
omental veins are congested following a meal, 
suggesting that while in this state any muscular 
effort which increases intra-abdominal tension may 
overstretch these distended veins, with consequent 
rupture of the intima and thrombosis. One of his 
patients gave a history of lifting heavy weights 
immediately after a meal. No such history could 
be obtained from our patient. Both Bush and 
‘Hunter, who first recorded the condition, attributed 
it to trauma, and it appears possible that omental 
infarction and omental torsion may actually be 
different stages of the same condition caused by a 
combination of venous congestion with increased 
intra-abdominal tension from muscular effort or 
trauma. 


CASE RECORD 


A male, aged 32, a propeller pitcher, was sent to 
hospital as a ‘ perforation’. On admission he stated that 
about 10 a.m. he had felt a sudden gripping pain across 
the lower ribs and upper abdomen. This was fairly 
severe and persisted all the morning. He ate a moderate 
lunch and immediately afterwards the pain localized 
itself in the epigastrium and he vomited. The pain 
remained constant and had increased in severity up to the 
time of admission. There was no lumbar pain. There 
was no further vomiting. There was no history of 
previous similar attacks, but he stated he had suffered 
from chronic indigestion of a “ flatulent dyspepsia ” 
type for the last five years. He had had his stomach 
and duodenum X-rayed four years ago and his gall- 
bladder two years ago, both of which examinations were 
negative. 

On EXAMINATION.—The pulse-rate was 100, the 
temperature 99-2, respirations 20. There was epigastric 
tenderness and some muscular resistance over the upper 
half of the abdomen. Nothing abnormal could be 
detected in the respiratory or cardiovascular systems. It 
was felt that there might be a leaking duodenal ulcer, 
but as the clinical picture was not clear it was decided to 
keep him under observation. 

Two hours later his pulse-rate and temperature had 
not altered nor had he vomited again, but he now com- 
plained that the pain was very severe. He was unable 
to move or breathe without pain and the respirations 
were rapid and grunting in character. The upper half 
of the abdomen was rigid and tender with a point of 
exquisite tenderness in the middle line mid-way between 
the xiphisternum and umbilicus. 

It was now thought that peritonitis was definite and 
a pre-operative diagnosis of perforated duodenal ulcer 
was made. 

AT OPERATION.—Operation was performed immedi- 
ately under gas-oxygen and ether anesthesia. The 
abdomen was opened by a right paramedial incision. No 
gas or free fluid was present. Examination of the stomach 
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and duodenum revealed no ulcer and no perforation. The 


gall-bladder was healthy. There was no evidence of 
pancreatitis. At the centre of the greater curvature a 
fan-shaped hemorrhagic area about 24 x 3 in. radiated 
into the omentum from the edge of the stomach. There 
was no visible eviderce of lymphatic reaction or incipient 
gangrene. In view of the central position of the infarc. 
tion and the lack of reaction, it was decided not to remove 
it. As an insurance a pencil-sized drain was left to the 
area and the wound closed around it. 

The following day the patient was completely free 
from pain and very comfortable. Pyrexia, never above 
99°6°, persisted for 48 hours. There was no drainage 
and the tube was removed in 24 hours. 

Convalescence was uneventful. Three months later 
he reported perfectly fit, back at work, and having had 
no more pain. 


DISCUSSION 


The main points of interest arising are the 
rapidity with which the crisis of pain developed, a 
matter of hours as against the more usual days, 
The point of exquisite tenderness, that marked 
feature of all cases, was present, but there was an 
unusual degree of muscular rigidity. The immediate 
and complete relief of pain, in view of the fact that 
the infarction was not excised, appears to indicate 
that while the thrombosis itself causes the pain at 
the commencement of the attack the later crisis is due 
to peritoneal irritation, which is borne out by the 
increase in muscular resistance at that stage and 
the dramatic relief afforded by a simple laparotomy. 
The central situation of the infarction is unusual 
and no record can be found of a case in which the 
affected area of omentum was not excised. The 
possibility of resolution in these cases was pro- 
pounded by Galloway (1935), who had occasion to 
operate on a case of omental torsion at a much later 
stage than usual to find that organization and 
absorption were taking place. The point is one of 
somewhat academic interest only in view of the 
fact that laparotomy will almost certainly have been 
performed before the diagnosis is made. Our case 
proves that spontaneous resolution can occur in 
spite of the apparent severity of the clinical state, 
but there seems no accurate method of assessing 
whether any given infarction will in fact resolve or 
whether it will become gangrenous. It would 
appear, therefore, that the usual procedure of exci- 
sion, particularly if there is the least suggestion of 
lymphatic reaction or incipient gangrene, is the 
safest one. 


SUMMARY 


A case of idiopathic infarction of the omentum 
which was treated conservatively with resultant 
resolution is described. 

The literature is reviewed and the pathology, 
diagnosis, and treatment discussed. 
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a #f Tue following case history appears worthy of being the cecum, which lay farther up. No attempt was made 
s. ff placed on record, in view of the extreme age of the 0 obliterate it. The abdomen was closed in layers, 
ed ff patient and the interesting nature of the obstruction. Without difficulty. 


me Post-operative progress was uneventful. There was 
. no more vomiting, and the patient began taking fluids 
CASE REPORT by mouth later on in the day. An intravenous drip was 


therefore not required. She had a flatus enema on 
April 29, as she was slightly distended. She had 
Petrolagar, $ 0z., on April 30, and there was a good bowel 
action on May 1. She had a course of sulphadiazine 
orally from May 1 to May 6, 30 g. in all, as she had a 
cough with some thick sputum. This settled down well, 
and she was afebrile throughout. Her pulse-rate had 
fallen to 80 by April 29, and remained ‘so till her 
discharge. She had her stitches out on May 9, and went 
home to her daughter’s house the next day feeling very 


ite Mrs. E. C., aged 91, was admitted to Mr. R. Leslie 
at Stewart’s wards in the Royal Infirmary, Edinburgh, late 
ue in the evening of April 27, 1946. She had a history of 
he two days’ nausea, vomiting, and stoppage of the bowels. 
d Previous to this she had been in good health. 

“ On admission she was seen to be a frail old lady, with 
Y. @ such an atrophic abdominal wall that it was doubtful 
tal if the appearance of visible coils of intestine was really 
he abnormal. She had ceased vomiting. ‘Temperature 
he 968° F.; pulse 1043 respirations 28. 


‘0- She was placed under observation, while a number of an 
other cases were being attended to, this being a busy 
: ‘waiting day’. About 5 a.m., April 28, 1946, Dr. W. R. DISCUSSION 
nd fj Johnson, the House Surgeon, reported that she had The feature of interest was the nature of the 


of  Yomited about two pints of brown feculent fluid, and obstruction. Three common cecal recesses are 
that there was now a very well-marked ‘ ladder pattern’ . . . : : : 

! ‘ é A : : é r1 > ¢t 1 

he suggesting small-intestine obstruction. His findings described; the superior ileocecal, the inferior 


: e . - 
en were confirmed. Waves of peristalsis passing along coils ileoceecal, and the retrocecal. The , parieto-ileal 
se of small intestine in the central abdomen were clearly fold’ is also present sometimes. This is a “ fan- 
in ff seen through the skin of the extremely thin abdominal shaped fold, connecting the ileum to the iliac fossa. 
te, § Wall. Loud borborygmi were heard on auscultation. This fold is quite distinct from the ileocecal fold 
ng A tentative diagnosis of carcinoma of the cecum was_ which is seen connecting ileum and cecum” 
po made. Omnopon, } gr., was given hypodermically, and (Crymble and Malcolm, 1912-13). 


ia | % 4 a.m. the lower abdominal wall was infiltrated The fold, and fossa in the present instance, 
with 2 per cent novocain in the manner described by . : . 
Wevill in Minnitt and Gillies’ Textbook of Anesthetics however, were quite unconnected with the periczecal 


of (1944). region ; they were lower down. The fossa was, in 
‘he A right lower paramedian incision was made, through fact, the fossa iliaco-subfascialis (subcecal or ‘ iliac’ 
very atrophic tissues. A distended loop of small intestine fossa, Jonnesco; fossa infracecalis, Leichenstern) 
presented under the wound, and a collapsed, tightly con- —the fossa of Biesiadecki. Moynihan (1906) des- 


tracted loop of small intestine was also found, lying to cribed it as a fossa, situated about the middle of the 
m the right of the first. The two loops were traced towards jliac fossa, varying in size from a small transverse 
each other, and almost immediately the cause of the jit to a large fossa with a wide elliptical mouth 


obstruction was found. The distended loop was seen : ¥¢ es : ; 
iiesd ih. dis, sees fl 0. pactianeel coun, etic lay measuring 1} in. to 2 in. in diameter. The orifice 


BY, transversely in the right iliac fossa, its mouth looking 3% directed upwards, and is bounded in front iby _ 
superiorly. Gentle traction released the loop easily, and ™ore or less well-defined fold, the inner extremity of 
the obstructed area was examined. A knuckle, about Which is directed upwards over the psoas towards 
half the circumference of the intestine had been caught, the root of the mesentery, and the outer towards the 
1€., an internal Richter’s hernia had been present. The iliac crest. The fascia in the upper half of the 
Portion of the circumference of the bowel, though bruised, fossa is lax, movable, and loosely bound down, 
13. fF Was viable. A wave of peristalsis passed along it while whereas in the lower half it is tense, taut, and more 


It was being examined, and the collapsed intestine distal ies: 1: . 
or the obstruction filled and expanded as the obstructed firmly fixed. The fossa iliaco-subfascialis, then, is 


12), tegion emptied and contracted. The obstruction had # hernial protrusion of the peritoneum, behind this 
been about three feet from the ileocecal junction. A Sharp band. It may exist on the left side as well 
tapid survey showed that the peritoneal pouch where as the right, and is capable of holding the cecum, 
€ internal hernia had occurred was not connected with colon, or portion of small intestine. 
VOL. XXXV—NO. 137 7 
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The fossa is not described in Treves’ study of 
the peritoneum (1885), nor does Le Double (1897) 
mention it. 

A brief preliminary investigation was carried 
out in the Anatomy Department of the University 
of Edinburgh. In the first cadaver examined, a 
thin elderly male subject, a sharp upwardly concave 
fold was found running across the right iliac fossa 
from the anterior surface of psoas major, at the level 
of the sacro-iliac joint, to the junction of the middle 
and lower thirds of the inner lip of the iliac crest 
(Fig. 94). A shallow wide-mouthed pouch was 





Fic. 94.—Fossa iliaco-subfascialis on right side. Ne 
psoas minor present. 


present below the fold. The iliac fascia below the 
fold was tense and stretched tightly across from the 
anterior surface of psoas major to the lower third of 
the inner lip of the iliac crest laterally, and the in- 
guinal ligament below. ‘The fibres in this fascia 
lay in a transverse direction. The fascia above the 
fold, on the other hand, followed the contour of 
psoas major backwards on to the iliacus muscle, 
before proceeding over iliacus to the inner lip of the 
iliac crest. 

On the left side the concavity of the fold was 
more pronounced and the fold itself tighter (Fig. 
95). This appeared to be due to the presence of a 
psoas minor muscle which was present on this side, 
but absent on the right, sending from its tendon 
a fibrous expansion which passed downwards and 
laterally across the upper surface of the tense lower 
fascia. ‘The pouch beneath this fold was wider and 
deeper than that on the right side. 

Three other adult cadavera were examined. 
In two of them the fold was present but poorly 
developed, with little or no evidence of a pouch 
beneath it. In the third there was a psoas minor 
on each side, the fold was well-marked and tense, 
and there was a well-developed pouch. 

It was noticed that in each of these three subjects 
the lateral cutaneous nerve of the thigh pierced the 
iliac fascia just above the lateral part of the fold. It 
then passed over the fold on to the tense fascia 
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below, raising up, in one of the cases, a separate 
fold of the upper iliac fascia as it did so. 

Six full-term human foetuses were then examined, 
In none of them was a fold or fossa present. This 
was as expected because psoas and iliacus present a 
continuous flat surface at birth. It is only as growth 
proceeds that the iliac fossa develops and the psoas 
projects as a rounded mass anterior to the iliacus, 
Thus the production of the fossa iliaco-subfascialis 
becomes possible. 

Conclusions.—It would seem, therefore, that 
the fossa iliaco-subfascialis is inconstant in occurrence, 
and is one of the rarer traps for the intestines within 
the abdomen. It should, however, be borne in 
mind. It is possible that herniations into the 
fossa iliaco-subfascialis are commoner than is sup- 
posed. The nature of the obstructing agent may 
not be recognized, and the case classed as an obstruc- 
tion due to adhesions or, on the right side, may be 
considered a retrocecal hernia. 

The forward projection of the belly of the psoas 
major anterior to iliacus, and the difference in the 
tenseness of the upper and lower parts of the fascia 
iliaca, with a fold at their junction, are the main 
factors in the development of this fossa. 

The fold and fossa are better developed when 
psoas minor is present, but can occur without it. 
An additional factor in the production of the fossa 
is the loss of fat in a thin elderly subject, which tends 
to accentuate the size of a fossa already present and 
deepen a recess, hitherto shallow, sufficient to cause 
an internal hernia. 





Fic. 95.—Fossa iliaco-subfascialis on left side. Note 


expansion of psoas minor tendon. 


Further investigations are being carried out t0 
determine: (1) the frequency of the fold and fossa 
beneath it; (2) the effect of the psoas minor on the 
lower iliac fascia. 


SUMMARY 


1. A case of strangulated internal hernia at the 
‘age of 91 in the fossa iliaco-subfascialis is described. 

2. An anatomical note on the morphology of the 
fossa iliaco-subfascialis is made. 
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We are grateful to Mr. R. Leslie Stewart for 
permission to record this case, and to Professor 
J. C. Brash for facilities in carrying out the anatomical 
investigation. 


— 
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SEMINOMA OF THE EPIDIDYMIS IN A YOUNG MAN 
By HASSAN IBRAHIM, Carro 


PRIMARY malignant tumours of the epididymis are 
unusual and less than 70 appear in the literature. 


CASE REPORT 


HistorRy.—The patient, M. M. S., was a 21-year-old, 
married Egyptian. He had one child. He came com- 
plaining of a rapidly and steadily enlarging swelling of 
the scrotum. He had noticed the swelling shortly after 
his marriage about one year previously. ‘There was no 
history of syphilis, gonorrhoea, or any other disease, and 


Cc 
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_ Fic. 96.—The specimen. A, Testis of normal shape and 
size; B, The tumour; C, Cut end of the greatly thickened 
vas deferens. 


no complaint other than the enlargement. He stated 
that the swelling was tapped two months previously in 
a hospital in Tanta, but only a little fluid was withdrawn. 

On EXAMINATION.—A big firm nodular tumour, about 
four or five times the size of a normal testicle, was found 
Occupying the right side of the scrotum. The skin over 
It was quite normal. Tenderness was absent. The 
tumour was roughly conical, with the apex extending 
upwards towards the external ring. The whole mass 
felt heavy. The testis could not be made out, although 
testicular sensation was present at the antero-inferior 
part of the mass. No fluctuation could be elicited. The 
tumour was replacing the vas deferens except for a short 
length in the region of the external ring. There were 
No palpable retroperitoneal peri-aortic glands and X-ray 
‘xamination revealed no sign of secondaries in the lungs. 

he inguinal glands were not enlarged. 


The diagnosis was made of a malignant tumour, 
probably a seminoma, of the right testis. 

AT OPERATION.—Performed on June 24, 1943, at the 
Jewish Hospital, Ghamra, Cairo. Through an inguino- 
scrotal incision the mass, together with the cord, was 
delivered and the tunica vaginalis opened ; it was found 
to contain a small amount of clear straw-coloured fluid. 
The testicle felt normal and was evidently not the site 
of the tumour; it was attached to a huge mass lying 
posterior and above. The mass occupied the position 
of the whole epididymis, no trace of which could be 
found. The tumour was pale pink and grossly nodular ; 
it became smaller as it was followed upwards. The vas 
deferens was clearly the site of infiltration and extension, 
while other structures of the cord seemed quite separate. 
A vas of normal size and consistency was reached close to 
the external ring. Higher dissection was made and the 
cord ligated and cut at the internal ring; the mass, 
together with the testicle and cord, was removed. (Fig. 
96). A preliminary longitudinal cut in the tumour showed 
a homogeneous pinkish surface all over. In the body of 
the testis were three small nodules, each about 3 mm. 
in diameter, separate from each other and the main 
mass. 

THE SPECIMEN.—Histological report by Dr. S. de 
Navasquez: ‘“‘ The tumour consists for the most part of 
small spherical cells with scanty cytoplasm of indefinite 
outline with condensed hyperchromatic nuclei. The 
cells are of uniform size and show a tendency towards 
tubule formation, which is confined to a few areas. The 
epididymis is diffusely infiltrated and for the greater 
part destroyed. The cellularity of the tumour varies 
within narrow limits and mitoses are frequent. There 
are a few areas of hyaline degeneration in the stroma, but 
the latter is very scanty. The general morphology and 
particularly the tendency for tubule formation conforms 
to the accepted description of a seminoma.” (Figs. 
97-100.) 

POST-OPERATIVE COURSE.—Three months after opera- 
tion the patient complained of severe pains in the back 
and region of the right hip, an irritating cough, and a left 
hydrocele, which was tapped by his private doctor. X-ray 
examination revealed widespread metastases in the spine, 
upper end of the right femur, and both lungs. Heart- 
block developed later on. Three weeks later he developed 
hemiplegia, convulsive attacks, dimness of vision, and 
excessive vomiting. He died nearly five months after 
operation without further treatment. An autopsy was 
not performed. : 


DISCUSSION 


The primary was evidently the tumour in the 
epididymis, and had been growing for some time 
and when operated on had already produced three 
small metastases in the right testis and laid the seeds 
of those which were to kill the patient. Small 
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growths of the size of those found in the testis would 
not show in radiographs of the lungs and bones. 
The earliest report of a malignant tumour of the 
epididymis was given by Lebert in 1845 who called 
it ‘ encephaloid disease’ ; during the next few years 


Fic. 97.—Photomicrograph showing a very cellular 
area of the tumour. Stained H. and E 


if 


Fic. 99.—Photomicrograph showing (left) infiltration of 
ine — by the tumour and its separation from the testis 
right). 


some cases of ‘ sarcocele’ of the epididymis were 
reported by Robin and Ordonez, Erichsen, Arru- 
chort and Lagrange. 

During the next period ‘ sarcoma’ was the label 
fixed to all primary malignant tumours of the 
epididymis (Curling, 1882; Edwards, 1887; and 
others). In the last few years there are four reports 
of sarcoma, one of which was a rhabdomyosarcoma. 

The first reference to ‘ seminoma’ was given by 
Dunnerbaum, and since then most of these epithelial 
tumours have been described as ‘ carcinomata’. 
Only 3 cases of seminoma are on record. 

Bland-Sutton reported a case of teratoma of the 
rete testis and Barringer (1936) described the first 
teratoma of the epididymis ; since then a few more 
cases have been reported. 

Progress of the disease is said to be a little 
slower than seminoma of the testis (Granvill Grab- 
tree, 1943), but the spread is identical in both diseases. 
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I am indebted to Dr. M. Sorour, Professor of 
Pathology, Faculty of Medicine, Cairo; and to 
Dr. S. de Navasquez, Reader of Pathology, Guy’s 
Hospital Medical School, for their full reports on 
the histological sections. 
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Fic. 98.—A high-power view of part of the same area 
in Fig. 97. 


Fic. 100.—Photomicrograph of a small vein showing 
infiltration of the wall and lumen. 
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WILLIAM EDWARD GALLIE 
PROFESSOR OF SURGERY, UNIVERSITY OF TORONTO 


FACILE PRINCEPS 


THE contributions to surgical knowledge which have 
emanated from Toronto in the last three decades are 
attributed in no small measure to the work and in- 
fluence of one individual, William Edward Gallie. 
A contributor himself of important new work which 
has broadened our knowledge in more than one field 
of surgery, he wields an even broader influence by 
his success in arousing the investigative spirit in his 
colleagues and pupils. Their contributions, in part, 
are the result of the stimulus provided by his precept, 
example, encouragement, and assistance. 

Few leaders in surgery enjoy such respect and 
affection as does W. E. Gallie. For others, high 
office or authority or greatness of intellect may com- 
mand deference ; to him they draw admiring tribute. 
To his talents as an investigator and as a teacher is 
added a warmth of heart which embraces the interests 
of all who surround him. Their problems are his 
problems ; their ambitions his concern; their pro- 
fessional advancement his pleasure. In consequence 
he receives an allegiance which springs not alone from 
respect for his accomplishments but is also an affec- 
tionate tribute to his warm and human personality. 
His colleagues turn to him for wisdom in decision, 
for advice from experience; his pupils for inspira- 
tion in research and guidance for their future. To 
Small wonder that 


all he gives freely of his talents. 
he has won for himself a tribute of admiration, 
respect, and affection such as is enjoyed by few men. 

Wherever surgery is practised and taught his name 
is known for his researches and for his accomplish- 


ments as a teacher of surgeons. His influence upon 
the world of surgery in Canada and the United 
States is immense. It is not too much to say that 
for long he has been the most important personage 
in surgery in Canada, destined to become a legendary 
figure. 

“'W. E.” was twenty-one years of age when he 
graduated in medicine from the University of Toronto 
in 1903, the youngest member of his class. As an 
undergraduate student he had been an important 
member of the University Hockey team. The con- 
tinuation of his interest in hockey ultimately led to 
his Presidency of the great University of Toronto 
Hockey team which won the Olympic Championship 
in 1927. His interest in surgery had been aroused 
before he entered medicine by observing the cure 
obtained by operation on one of his schoolmates 
suffering from torticollis. After graduation he served 
a an interne in the Hospital for Sick Children and 
the General Hospital, Toronto, and in the Hospital 
for Ruptured and Crippled, New York. In each of 
these hospitals he came into contact with stimulating 
personaliites whose influence combined to play a part 
in moulding his future. They were George Peters, 
Clarence Starr, and Royal Whitman. George Peters 
died young, but not before his genius had left its im- 
Print upon the surgical world about him. Clarence 
Starr was Dr. Gallie’s chief at the Children’s Hospital 
and preceded him in the chair of Surgery. With 


Royal Whitman he maintained a correspondence from 
1906 till Whitman’s death in 1946. 

When he returned to Toronto in 1906 he entered 
the Children’s Hospital as the Resident in Surgery. 
The. following year he became the junior member of 
the Surgical Staff. The only other member was the 


WILLIAM EDWARD GALLIE 


surgeon-in-chief, Clarence Starr. For three years 
they shared alone the responsibility for the surgical 
work of this hospital, till they were joined by the first 
of the young surgeons of their selection to build up 
the staff which has since distinguished itself in many 
fields. 

In 1921 when Dr. Starr became professor of 
Surgery, Dr. Gallie succeeded him as Surgeon-in- 
Chief to the Children’s Hospital. For eight active 
and productive years he directed the surgical work 
of this hospital, conducting research, developing 
teaching methods, and organizing a great surgical 
staff. In 1929 he became Professor of Surgery and 
moved from the Children’s Hospital to become 
Surgeon-in-Chief of the Toronto General Hospital. 
He continues in these appointments to the present. 
In this last period he developed and perfected his 
contributions to the training of surgeons. Further, 
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from 1936 to 1946, he was Dean of the Faculty 
of Medicine and in this capacity wielded a great 
influence upon medical education in Canada. 

Dr. Gallie’s contributions to surgical knowledge 
commenced shortly after his return to Toronto from 
New York. Within five years he had completed and 
published the important work on tendon fixation 
which first established his reputation as a rising young 
surgeon. The sixty papers which he has written 
have been concerned chiefly with three great prob- 
lems: tendon fixation (1913-16) ; the repair of bone 
and the fate of bone-grafts (1914-19) and the trans- 
plantation of fibrous tissues, especially fascia, in the 
form of living sutures (1921-4). In all three of these 
fields his contributions are of fundamental importance 
and have laid the foundation for new advances in 
surgical knowledge. There have been also additional 
contributions, some related to these three fields and 
some which explored other problems. 

Dr. Gallie’s first field of interest and of work is 
clinical surgery; the problems of the wards, the 
consulting room, and the operating room. His suc- 
cess in adding to the sum of surgical knowledge is due 
largely to his use of the experimental method to 
elucidate clinical problems. This was the method 
of Hunter and of Lister, and of that tradition there 
is no greater modern exponent than W. E. Gallie. 
From the time of Hunter, and especially from the 
time of Lister, it has been fruitful of results which have 
enhanced our knowledge. It may be that the day is 
passing when the surgeon can himself enter the labor- 
atory to find by experiment the answer to his problem. 
The problems which now demand solution involve 
complex biochemical, biophysical, and cellular inves- 
tigations which can only be carried to success by a 
team of experts, each contributing his special skill to 
achieve the new facts necessary to advance knowledge. 
But for two generations the Listerian method has 
yeilded an immense harvest of knowledge. Its use- 
fulness is evidenced by the success of Dr. Gallie’s 
work. 

The papers on tendon fixation were concerned 
with the principle of converting the tendon of a para- 
lysed muscle into a check ligament by implanting its 
upper part into the bone proximal to the joint whose 
movement the tendon normally controls. The ten- 
don thus is transformed into a ligament which stabili- 
izes the otherwise deformed and unstable joint. The 
early studies were based upon observations made at 
operations and these were supplemented by prolonged 
post-operative observation of the patients. Ata later 
date the basic histological problems were submitted 
to experimental investigation. 

By 1913, when the work on tendon fixation was 
well advanced, aseptic surgery had reached a degree 
of perfection which justified the bold exploration of 
nearly every part of the body. A period of great 
expansion in operative surgery was opening. In no 
field were the results more remarkable than in that 
of bone surgery. In 1912 MacEwen had pub- 
lished his monograph on “‘ The Growth of Bone ”’. 
In this he advanced the controversial conception that 
the periosteum is merely a limiting membrane with 
no osteogenic properties. In 1911 Albee published 
the account of his first bone-graft for Pott’s disease. 
The great era of bone surgery had begun. It was to 
develop into the expansion of orthopedic surgery 
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which was based upon improved operative proce- 
dures. 

Knowledge of the behaviour of bone following 
trauma and of the process of repair in bone and of the 
behaviour of transplanted bone are fundamentals for 
the advancement of this field of surgery. To supply 
this knowledge, Dr. Gallie undertook a series of 
experiments on animals in association with D. E, 
Robertson. The important basic information thus 
obtained was published in 1919 in this JOURNAL in 





In the foreground is a 


Fic. 101.—Dr. Gallie lecturing. 
i (By courtesy of Mr. 


museum specimen of tendon fixation. 
Walter Mercer, Edinburgh.) 


a classic paper on “‘ The Repair of Bone”. Upon 
this knowledge has been founded the immense 
amount of work he has accomplished in bone surgery. 
Several important papers upon the treatment of un- 
united fractures and upon arthrodesis of joints, the 
outcome of the application of these principles, supple- 
ment the original papers. Generations of medical 
students recall his vivid exposition of the dictum that 
“‘ he who aspires to operate successfully upon bone 
should make certain that he learns from careful study 
the effects of trauma upon this tissue and _ the 
manner in which it repairs the damage it has 
sustained ”’. 

Still more firmly based upon the experimental 
foundation is his work on fascial transplantation. 
Appreciating that a firm, tough, and flexible fibrous 
tissue, such as fascia, would have many uses in surgery 
if it could be transplanted successfully, Dr. Gallie 
embarked upon a series of experiments in collabora- 
tion with A. B. LeMesurier to determine exactly what 
might be accomplished by the free transplantation of 
fascia. The outcome of this work was to prove that 
free transplants of fascia survive and become an 
integral part of the area into which they are trans- 
planted. Moreover, it proved possible to fashion 
the fascia into strips and sheets and other shapes 
which facilitated its use in the repair of defects. In 
these forms also, the fascia survived and became 4 
part of the tissue into which it had been transplanted. 
The most ingenious application of this knowledge 
was the development of ‘ living sutures’. They are 
ideally suited to the repair of large and recurrent 
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hernie and other defects of the abdominal wall. 
They find a use also in other fields, notably in his 
remarkably successful method of treating recurrent 
dislocation of the shoulder. 

But his success in the solving of clinical problems 
involves more than mere resort to the experimental 
laboratory. Behind the use of this technique lie 
important qualities of intellect which are largely 
responsible for his accomplishments ; an alert and 
observing mind which perceives the existence of a 


FIG. 102.—A 


problem and the need of a new knowledge for its 
solution, an inveterate inclination to inquiry into the 
significance for all the manifestations of disease, 
imagination to conceive of measures which might 
provide solutions to the problems, logical planning of 
experiments so that they will yield the necessary 
information, a determined will to carry the plan 


through to completion. All these qualities he 
possesses in high degree. Without them his projects 
would never have been started. 

Important though his contributions to surgical 
knowledge have been, they are overshadowed by his 
accomplishments in the training of surgeons. This 
is his greatest achievement. From it he derives his 
greatest satisfaction and enjoyment and upon it will 
his reputation be founded. 

From his earliest days his warm interest in the 
Personalities who surrounded him expressed itself by 
sharing his interests and enthusiasms with his young 
associates. To many of them he transferred some 
of his own fire. Such contacts often succeeded in 
instilling the investigative spirit into young men. It 
became evident that his greatest skill was his ability to 
arouse the interest and to stimulate the enthusiasm of 
young doctors for the pursuit of knowledge. It 
followed that many young men entered surgery under 

S$ stimulus. The initial impulse for their achieve- 
ment came from the enthusiasm he aroused in them, 

In his eight years as Surgeon-in-Chief to the 
Children’s Hospital he built up a staff of able young 
surgeons and in doing so he gained experience in 
the difficult art of selecting young men of ability, 
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stimulating their interest in productive work, and 
welding them into an enthusiastic team. When he 
became Professor of Surgery in 1929 he devoted 
himself with single-hearted zeal and interest to the 
training of young surgeons. The University hospital 
facilities, supplemented by the resources of the 
Departments of Physiology, Anatomy, and Pathology, 
were organized into an integrated whole for the 
purpose of training surgeons. He secured the inter- 
est of his associates in the problems of surgical 


ward round. 


training and with them developed a teaching group 
which achieved remarkable success. This was the 
first organized plan for the systematic training of 
surgeons in Canada. His pupils have made it known 
as the Gallie Course in Surgery. It leads them not 
only to their goal of being a surgeon but to the coveted 
membership in the Gallie Club which meets each 
year on his birthday for intellectual stimulus and 
good fellowship (Fig. 103). 

The Gallie Course in Surgery represents his 
concept of the essentials of surgical training. Upon 
a foundation of knowledge of anatomy, physiology, 
and pathology there follow three years of training in 
all or most of the major fields of surgery. From 
this broad basis of training the young surgeon may 
direct his interests into any field of his choice. 
Frequently he goes to another centre for a year to 
acquire knowledge in a particular field of surgery. 
From these the Resident Surgeons of the hospital 
are chosen. Specialism is embarked upon only after 
a broad training. Though his own activities have 
been chiefly in the field of bone and joint surgery 
he has sedulously avoided specialization. ‘This is 
part of his belief that in surgery broad training and 
experience should come first, specialization should 
come later and develop from the broad background 
of general surgery. 

The value of the systematic training of the Gallie 
Course was never more evident than during the war. 
In spite of the exigencies arising from accelerated 
schedules of teaching and of diminishing staffs, the 
organization managed to continue its function of 
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training surgeons. By offering its facilities to select- 


ed medical officers of the Navy, Army, and Air Force, 
it was possible to train the young surgeons so greatly 
Without this 


Nes 


needed by the armed services. 











The Gallie Club wishes its Chief 
A Very Happy Birthday. 





Jan 29,1941 








Fic. 103.—The Birthday Card of the Gallie Club, 1941. 


efficient organization for the training of surgeons 
the Canadian war effort would have been materially 
handicapped. 

In 1936 there occurred for Dr. Gallie a fortnight 
of stark tragedy. His closest friend, D. E. Robertson, 
with two companions, was trapped by the collapse 
of the shaft in the lower levels of a gold mine at 
Moose River in Nova Scotia. A frantic rush across 
one-third of the continent was followed by ten days 
of desperate effort and agonized suspense. By 
good fortune that bordered on the miraculous two 
were finally brought out alive. One of them was 
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“D. E. R.” The thrilling story of this event was 
recorded by Dr. Gallie in the Atlantic Montily in 
moving words which reflect the depth to which he 
was stirred. 

In addition to his appointment to the Chair of 
Surgery and as Dean of the Faculty of Medicine of 
his own university, much recognition of his high 
qualities has come to him in his professional lifetime, 
He delivered the Hunterian Lecture before the Royal 
College of Surgeons of England in 1924 on “ The 
Transplantation of Fibrous Tissues’. He was Vice- 
President (surgery) of the Royal College of Physicians 
and Surgeons of Canada, 1937-9. He has twice 
been Vice-President of the American Surgical Asso- 
ciation. In 1932 he was president of the American 
Orthopedic Association. In the fall of 1941 he 
was elected President of the American College of 
Surgeons as a tribute to his distinguished position 
in surgery and as a compliment from American 
surgeons to the leading surgeon of Canada, a country 
already at war. Pearl Harbour occurred within a few 
months. The struggle in which the United States 
then became involved disrupted the normal meetings 
of the American College and resulted in his remaining 
in office for six years, a unique record. 

In June of this year he retires from the Chair of 
Surgery to devote himself to his active practice and 
his personal interests. His friends and pupils will 
make this an occasion to present to him his portrait 
in oils and a volume of surgical essays they have 
written in his honour which will indicate in a concrete 
manner the influence he has been upon Canadian 
surgery. Freed of University responsibilities he will 
have time to devote to many interests. Further 
contributions to surgical knowledge will come from 
his pen and he will continue to wield a great and 
important influence upon Canadian surgery. 





SHORT NOTES 


OF RARE OR OBSCURE CASES 





BILATERAL CONGENITAL FUSION 


OF THE SEMILUNAR 


AND CUNEIFORM BONES 
REPORT OF A CASE 


By J. C. R. HINDENACH 


CONGENITAL fusion of the semilunar and cuneiform 
bones is a comparatively rare lesion. Lonnerblad, 
in 1936, was able to collect only 22 cases in the 
literature and added 3 of his own. Reiss (1936), 
in the same year, described I case, and found 16 
recorded. Since then Bélot and Nahan (1936), 
Lamarque and Betouliéres (1939), and Hudson (1943) 
have each reported a case, while McGoey (1943) has 
described a fracture-dislocation of a fused semilunar 
and cuneiform bone. 

In Lonnerblad’s series, 14 out of the 25 cases 
were bilateral. The condition is apparently the 
most common type of carpal synostosis, for, out of 
50 such cases, 20 were fusions of the semilunar and 
cuneiform. 


The degree of fusion varies. Complete union 
is the common type, though often a small wrinkle 
is seen in the middle of the distal articular surface 
of the combined bones, indicating the normal 
separation. A hereditary factor has been described. 

Wood Jones (1941) quotes Gegenbaur’s con- 
ception of the primitive carpus. It consists of 4 
distal row of five bones each articulating with a 
metacarpal, and a proximal row, the radiale articu- 
lating with the radius, the ulnare with the ulna, and 
separated from each other by a centrale and intet- 
medium. The first modification of the ideal carpus 
is one that is evidently very early established in the 
philogeny of the digitate vertebrates, that is, fusion 
of the two distal carpal bones articulating with the 





DIVERTICULITIS 


metacarpals of the fourth and fifth digits to form 
the unciform. There is no mammal which does not 
show this particular numerical reduction of the 
carpalia by fusion. There must be some deep- 
seated factor leading to this development, and Wood 
Jones suggests as an answer the need for strength 
and stability on the post-axial border of the hand 
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fell on his left wrist while playing football. Examination 
showed pain on dorsiflexion of the wrist and slight tender- 
ness over the dorsal carpal ligament. Radiographs were 
taken to exclude a fracture of the scaphoid or cuneiform. 
They revealed complete fusion of the semilunar and 
cuneiform bones, with no evidence of bony injury (Fig. 
104). Both wrists showed similar conditions and views 
in varying planes confirmed the diagnosis. 


Fic. 104.—Anteroposterior views of right and left wrists showing fused semilunar and cuneiform bones. 


demanded by the action of ‘ pushing off’ with 
downward and backward pressure, in  contra- 
distinction to the mobility required in the pre-axial 
area for grasping. . 

The proximal row of primitive carpal bones alter 
their relationship and the centrale is thought to 
become incorporated with the radiale to form the 
scaphoid, while the intermedium becomes the semi- 
lunar and the ulnare the cuneiform. The congenital 
fusion of the two latter bones here described may 
indicate a further step in the stabilizing of the 
post-axial border of the hand. On this point it is 
interesting to note that out of 25 cases, 9 were in 
negroes and 1 in an Australian aborigine, while the 
present case was in a West African native. 

_ The condition appears to cause no disability and 
is usually discovered accidentally. 


CASE REPORT 


Private C., aged 29 years, a West African native 
serving in the African Pioneer Corps, on Oct. 10, 1945, 


There was no history of previous trauma or infection. 
The left wrist was strapped with elastoplast for one week 
and within two weeks was clinically normal. 


SUMMARY 


A case of bilateral congenital fusion of semilunar 
and cuneiform bones is reported. The lesion was 
symptomless. 
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SOLITARY DIVERTICULITIS 


OF THE CHCUM AND 


ASCENDING COLON 
By T. J. FAIRBANK anp C. G. ROB, M.C. 


ST. THOMAS’S HOSPITAL, LONDON 


SOLITARY diverticulitis of the right side of the large 
Intestine is rare ; the American and British literature 


contains less than 60 recorded cases. The appear- 
ance of 2 at one hospital during the past six months 
i$ therefore unusual; case histories of these two 
Patients form the substance of this short paper. 


CASE REPORTS 


Case 1.—A housewife, aged 50, was admitted to St. 
Thomas’s Hospital on June 29, 1946, complaining of 
abdominal pain for two days. She had suffered from a 
similar attack ten years before. 





106 THE BRITISH 


The pain started centrally and moved to the right 
iliac fossa after 24 hours ; it was colicky at first and later 
continuous. She had vomited once. 

On EXAMINATION.—Her temperature was 99° F. 
and pulse 88. The tongue was dry and furred, with 
some fcetor oris. ‘The abdomen showed marked tender- 
ness and rigidity in the right iliac fossa, with a positive 


Fic. 105.—The specimen (for description, see text). 


release sign. Rectally there was tenderness high on the 
right side. The W.B.C. was 9000 per c.mm., with 70 
per cent polymorphs. The urine and other systems 
were normal. 

A confident diagnosis of acute appendicitis was made. 
But operation revealed a normal appendix and a mass on 


Fic. 106.—Microphotograph of diverticulum showing 
mucous membrane and part of ulcerated area. The small 
thrombosed artery is included in the section. (xX 20.) 


the anteromedial wall of the ascending colon just above 
the ileocecal valve. Palpation demonstrated a defect 
in the colonic wall which communicated with the interior 
of this mass. The diagnosis lay between a diverticulum, 
a solitary ulcer, and a carcinoma, but a hemicolectomy 
was performed as the latter could not be excluded with 
certainty. Recovery was rapid and the patient was 
discharged from hospital on the sixteenth day. 
_ THE SPECIMEN.—The following is a detailed descrip- 
tion :— 

Macroscopical (Fig. 105).—In the ascending colon 
2 cm. above the ileocecal valve, diagonally opposite to the 
opening of the vermiform appendix, a pouch is present 
extending outwards through the muscular coat, having 
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its floor lying on the fatty connective tissue of the acven- 
titia at a depth 4 cm. below the surface of the mucous 
membrane. The muscle breach is 1:2 cm. in width. 
The floor of the pouch is purple-brown and uneven and 
appears continuous in places with the mucous membrane 
of the colon surrounding it. 

Microscopical (Figs. 106-108).—Miicroscopy shows the 
pouch to be a false diverticulum of the colon. Mucous 
membrane with muscularis mucose and submucosa 
lines the floor of the pouch for a considerable distance 
beneath the breach of the muscular coat, and here lies 
directly on the fatty tissue of the adventitia. Occasional 
strands of smooth muscle can be seen in this situation. 
The floor of the diverticulum shows acute ulceration in 
more than one place, both near the mouth and at its 
deepest point of penetration. The acute inflammation 
extends for some distance beneath and to the sides of 
the ulcers. New fibrous tissue formation is minimal, 
A small artery near to one ulcerated area shows a recent 
thrombus over which endothelium has grown, suggesting 


Fic. 107.—Showing area of ulceration in diverticulum 
of ascending colon. (x 20.) 


Fic. 108.—High-power view of inflammatory tissue in floor 
of ulcer, showing many polymorphs. (x 280.) 


that the inflammatory process has been present at least 
a few days. 


‘ Case 2.—A police detective, aged 38, was admitted 
on Jan. 17, 1946, to St. Thomas’s Hospital with a — 
of 30 hours’ abdominal pain. Previously he had suffere 
from vague indigestion for some months. 
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The pain was generalized at first and later moved to 
the right iliac fossa. It was described as gnawing in 
character. ‘There was no nausea or vomiting, the bowels 
had been regular, and the appetite was good. 

ON EXAMINATION.—The temperature was 99°4° F. 
and the pulse 72. The tongue was heavily furred and 
there was marked feetor oris. 

The abdomen was tender and rigid in the right iliac 
fossa. The release sign was positive, there was no 
distension, and the bowel sounds were normal. Rectal 
palpation elicited tenderness on the right side. 

Operation with the confident diagnosis of acute 
appendicitis exposed an indurated swelling on the postero- 
lateral wall of the ascending colon about 2:5 cm. above 
the level of the ileoceecal valve ; in the centre of this area 
a defect in the wall of the colon could be felt. There 
were no enlarged lymphatic glands and the appendix 
was normal. A hemicolectomy was performed, as carci- 
noma could not be excluded. Recovery was rapid and 
uneventful and he has remained well since. 

The specimen showed a diverticulum of the ascending 
colon, which was the seat of subacute inflammation. It 
closely resembled the specimen from Case I, except 
that the diverticulum was much smaller. 


COMMENT 


Two types of diverticulum have been described 
inthe right colon: (1) The true congenital type has 
normal muscle coats and resembles the appendix ; 
(2) The false type with no muscle coats, only mucosa 
and muscularis mucosz; this resembles a diverti- 
culum of the pelvic colon. Both our patients had 
false diverticula of the ascending colon. 

A point now arises which is perhaps of academic 
rather than practical interest. In each of our cases 
the specimens and their sections were at first con- 
sidered to be those of a simple ulcer of the ascending 
colon, and it was only after careful macroscopical 
and microscopical study that the diagnosis of a false 
diverticulum was made. We feel that simple 
ulceration of the ascending colon or cecum may well 
progress to the formation of a false diverticulum and 
that a false diverticulum of the right colon may 
therefore be really a late stage of simple ulceration. 
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In this connexion, it is of interest to record that 
we have treated successfully a patient with a per- 
forated simple ulcer of the cecum by drainage alone, 
and that a barium enema four months later showed 
no abnormality of the czecum or colon. 

It is of interest that both our patients experienced 
a central abdominal pain around the umbilicus 
before the pain settled in the right iliac fossa, be- 
cause the diverticula resembled those found in the 
pelvic colon in that they were false, i.e., no muscle- 
fibres were present in their walls, and diverticulitis 
of the pelvic colon does not produce a central abdo- 
minal pain unless intestinal obstruction develops. 

After a careful study of our 2 cases and of the 
literature, we cannot find a single clinical point of 
difference between this condition and acute appendi- 
citis. In fact, it may be said that our two patients 
resembled the classical case of acute appendicitis, 
and that a correct pre-operative diagnosis was not 
possible in the present state of our knowledge. 

When exposed at operation the diverticulum was 
obviously the seat of inflammation, but each of us 
was unable to exclude carcinoma and performed a 
hemicolectomy. It is probable that if we meet this 
condition again we shall recognize it as a diverticulum 
and a local removal will be performed with less risk 
to the patient. 


Our thanks are due to Mr. P. H. Mitchiner, C.B., 
C.B.E., for permission to publish these cases, and 
to Dr. J. L. Pinniger, who has provided the patho- 
logical descriptions and microphotographs. 
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A CASE OF FIBROMA OF THE MESENTERY 
By CHARLES P. NICHOLAS 


SURGEON LIEUTENANT COMMANDER, R.N.V.R. 


CASE REPORT 


HistorY.—A man, aged 34, was admitted to a Naval 
Hospital on Aug. 21, 1945, giving a history of swelling 
of the abdomen due to a large tumour which he could 
feel with his hands, and which he had noticed only for 
three weeks. Ten days before admission he vomited 
on several occasions after food and had increased frequency 
of Micturition for three days. There was no pain, only 
‘feeling of tightness and discomfort after meals, and he 
had learned by experience to take light meals which 
fssened these symptoms. There was no loss of weight, 

S appetite was good, his general health excellent, and 
ete was no irregularity of bowel action. 

N EXAMINATION.—The patient was found to be a 
Well-nourished man of cheerful countenance with a rather 
Protuberant abdomen, full in the flanks, but with no free 

ud. A large central abdominal mass could be palpated 
Which was dull on percussion and free from tenderness. 
€ mass was roughly spherical in shape and extended 


into the left loin ; it was firm in consistency with a regular 
smooth surface, freely movable from side to side, with a 
very slight respiratory movement in the vertical plane, 
and it transmitted aortic pulsations. The liver was soft 
and enlarged, the liver edge being two finger-breadths 
below the costal margin on deep inspiration. The spleen 
and kidneys were not palpable and rectal examination 
revealed no abnormality. The stools and urine were 
normal. He was apyrexial and the cardiovascular, 
nervous, and respiratory systems were free from detect- 
able abnormality. 

X-ray examination of the abdomen failed to show the 
mass in straight films, and a barium meal showed a 
normal stomach and duodenum. There was no obstruc- 
tion of the small or large bowel. The head of the meal 
reached the hepatic flexure in three hours and the rectum 
in six. Palpation of the mass under the X-ray screen 
demonstrated that it was well below the stomach and 
possibly attached to the descending colon, which moved 
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when the mass was pushed to the right. Both kidney 
outlines were normal, so that an intravenous pyelogram 
was considered unnecessary. 

X-ray examination of the chest was normal. 

To exclude a hydatid cyst, and the reagents for 
Cassoni’s test not being available, Welch and Chapman’s 
precipitin reaction was performed and found to be 
negative. The urine was normal and contained no 
cysts, scolices, or hooklets. 

The blood-count was as follows :— 


Red cells 4,820,000 

Hemoglobin 94 per cent 

Colour index 0-9 

White cells 11,600 
Polymorphonuclears 58 per cent 
Lymphocytes 34 per cent 
Monocytes 2 per cent 
Eosinophils 6 per cent 


Basophils ° 
AT OPERATION (Sept. 9).—Under endotracheal ether 
with a sodium pentothal induction, the abdomen was 
explored through a long left paramedian incision, revealing 
a large vascular central abdominal tumour lying within 
the mesentery (Fig. 109). A loop of small bowel and the 





Fic. 109 —The specimen. (R.C.S. Museum.) (x 32.) 

great omentum were adherent to its surface. The 
tumour, which was not attached to the descending colon 
as had been suggested on X-ray examination, was deliv- 
ered after freeing omental adhesions. It was roughly 
spherical in shape, dark red in colour, and mostly firm 
in consistency, but with some soft areas. The tumour 
was resected intact by clamping, transfixing, and tying 
the affected segment of mesentery, together with the 
adherent small bowel, which could not be safely freed. 
The divided small bowel was reconstituted by end-to- 
end anastomosis and the defect in the mesentery closed 


SURGERY 
by interrupted sutures. The abdomen was closed jn 
layers without drainage. 

An intravenous drip infusion was given in the opera- 
ting theatre, starting with two pints of reconstituted dried 
human serum, and was followed by five pints of 5 per 
cent glucose and one pint of normal saline daily for five 
days. 

THE SPECIMEN.—The tumour was presented to the 
Royal College of Surgeons’ Museum, and examined by 
Professor R. A. Willis, to whom I am indebted for the 
following report: ‘“‘ The cut surface of the tumour 
suggests fibrosarcoma. The microscopical appearance 
is that of a lowly cellular fibroma with much collagen, 
partly distributed in hyaline bands. No definite indica- 
tions of nerve-sheath origin.” 

PROGRESS.—The patient made an uneventful recovery 
and was discharged to sick leave at the end of a month 
in good health, free from symptoms. Exactly a year 
after operation he states in a letter that he has gained 
weight and is very fit except for two or three attacks of 
what he describes as violent stomach-ache, and which he 
attributes to indiscretions of eating and drinking. 


DISCUSSION 


At the time of operating, though the above case 
was recognized as unusual, the comparative rarity 
of the condition was appreciated only when it was 
found that no similar case had been described in the 
English literature in the past ten years, and that there 
was only one case to be found in the records of the 
Queen Elizabeth and General Hospitals, Birmingham, 
in the last twenty years. 

The pre-operative symptom of increased fre- 
quency of micturition, for which no cause was 
found, is of interest. It was presumably due in 
some way to the presence of the tumour, since it 
was cured by operation. The feeling of fullness, 
occasional vomiting, and increased frequency of 
micturition, recall to mind the symptoms of preg- 
nancy, and it is possible that the mesenteric tumour 
brought these symptoms about in a similar manner 
by causing reflex disturbances of the abdominal 
autonomic system. 

It is noteworthy that the direction of free mobility 
of the tumour was from side to side, and not as is 
described in the text-books at right angles to the 
oblique line of attachment of the mesentery. The 
hepatomegaly persists, but has not been progressive 
and its cause remains unknown. 


I wish to thank the Medical Director-General of 
the Navy for permission to publish this case; Mr. 
H. J. B. Atkins for valuable advice in preparing the 
manuscript; and V.A.D. Rutherford for painting 
the tumour in its recent state. 
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Urgent Surgery. Edited by JuLius L. SPIvAcK, M.D., 
LL.D., Associate Professor of Surgery, University of 
Illinois College of Medicine; etc. 9% x 6} in. 


Volume I. Pp. 714 + ix, with 244 illustrations, 14 
in colour. 1946. Springfield, Ill.: Charles C. 
Thomas. $10.00. 


THE eight surgeons who have collaborated in this work 
are not all Americans, yet the book may be regarded as 
representing surgical practice in the University of 
Illinois College of Medicine, which differs very little 
from modern operative surgery the world over. It is 
useful in that it collects together and illustrates many of 
the more recent methods of which the original descrip- 
tions are scattered throughout the surgical literature of 
Europe and America. An obvious criticism, of which 
the authors have clearly been conscious, is that it contains 
much that cannot be classified as ‘urgent’ surgery in 
the strict sense of the term ; but another, which is perhaps 
more important, is that care has not always been taken 
to exclude obsolete and redundant methods—complete- 
ness has been the aim rather than selection of the procedure 
which the surgeon has proved by experience to be best 
under certain circumstances. 

It is essentially a text-book of operative surgery of 
the abdomen, and the pictures, which have been entrusted 
to the Professor of Medical Illustration in the University 
of Illinois, are so clear that it is often unnecessary to 
study the text in order to understand all the operative 
details. It is in the consideration of the theoretical 
aspects, and in the description of clinical pictures and 
diagnosis, that the authors express opinions which are 
open to argument. The account of gall-stone intestinal 
obstruction is misleading, and even that of perforated 
peptic ulcer is not in conformity with our own experience. 
The treatment of mesenteric vascular occlusion is dis- 
missed very briefly without indicating how poor are the 
results of surgery, or offering the alternative of anti- 
coagulant therapy and conservatism. The completion 
of the anastomosis before performing the resection for 
carcinoma of the right side of the colon is another contro- 
versial matter. Volvulus of the colon seems to have 
been omitted, though much has been included about 
volvulus of the stomach. These, however, are but a 
few minor criticisms of a book which is apparently the 
first volume of a series. We are not told how many 
there will be in the complete work, but judging by the 
standard of this volume we may anticipate that the whole 
will constitute a valuable addition to the library of 
practitioners and teachers of surgery, not only on account 
of its own content, but also because of the many refer- 
ences it gives to the historical aspects, as well as to the 
current literature of the subject. 





Early Ambulation and Related Procedures in Sur- 
gical Management. By DANIEL J. LEITHAUSER, 
M.D., F.A.C.S., Chief of Surgery, St. Joseph Mercy 
Hospital, Detroit, Michigan. 9 x 6in. Pp. 232 + 
xi, with 36 illustrations. 1946. Springfield, Ill. : 
Charles C. Thomas. 


ConsERVATISM has for long been regarded as one of the 
qualities of the medical profession to be derided or praised 
according to the age and experience of the critic. To 
break with long-established tradition in post-operative 
treatment requires courage as well as skill; such a 
leparture as is detailed in this book has been used tenta- 
tively by a few surgeons, but here the author comes out 
boldly in favour of getting the patient up within a few 
hours of operation, even after a spinal anesthetic. He 
describes the advantages of such a course as it affects 


the pulmonary, circulatory, and gastro-intestinal systems, 
and in preventing nutritional and psychological disturb- 
ance. Wound complications are avoided by careful 
suturing, using fine chromic catgut and alloy steel wire 
only, and by minimizing operative trauma by adequate 
incisions which are in general transverse. Recovery is 
expedited, and in a series of 2047 cases, nearly all abdo- 
minal, the operative mortality was only 0-68 per cent. 

Those who have practised the method are enthusiastic 
about it, as are most of the patients, for whom it makes 
possible the avoidance of one of the most disliked post- 
operative utensils, the bed-pan. 





Synopsis of Operative Surgery. By H. E. MoBLey, 
M.D., F.A.C.S., Chief of Surgery at St. Anthony’s 
Hospital, Morrilton, Arkansas. Second Edition. 
7% x4%in. Pp. 416, with 383 illustrations, including 
37 in colour. 1947. London: Henry Kimpton. 
30s. net. 


THE second edition of this small manual has been thor- 
oughly revised and brought up to date. The book is 
profusely illustrated and the majority of the drawings are 
good and enhance the usefulness of the text, but a few are 
misleading and quite inaccurate. There can be few 
surgeons who employ a large osteoplastic flap in order 
to perform a section of the sensory root of the Gasserian 
ganglion. The operations on the bladder are far from 
clear nor do they give the student a proper idea of the 
operation. Edmund’s operation for hypospadias is not 
mentioned, and yet it is the best operation for this 
condition. 

However, in the main this book fulfils its function 
as a synopsis of operative surgery. 





Heparin in the Treatment of Thrombosis. An 
Account of its Chemistry, Physiology, and Application 
in Medicine. By J. ERIK. JorRPES, M.D., Reader in 
Biochemistry, The Caroline Institute, Stockholm, 
Sweden. With a foreword by J. R. LEARMONTH, 
C.B.E., Ch.M., F.R.C.S.E., Professor of Surgery, 
University of Edinburgh. Second _ Edition. 
84 x 5% in. Pp. 260, with 23 illustrations. 1947. 
London: Oxford University Press. 18s. net. 


GREAT strides have been made in the preparation and 
application of heparin and anticoagulant substances since 
the first edition of this book appeared in 1939. 

Professor Learmonth, who writes a forword to this 
excellent monograph, states: ‘“‘ The discovery of these 
anticoagulant substances has provided an extensive field 
in pure research, as well as clinical applications of great 
importance.” We heartily agree with this, and, although 
the late war provided a great stimulus to the use of heparin 
and dicoumarol in the treatment of vascular injuries, yet in 
times of peace in a world which is getting more and more 
mechanized trauma to the blood-vessels is becoming 
more frequent. This second edition will prove of real 
value not only to the biochemist and histologist, but also 
to the hematologist and the clinician. 





Penicillin in General Practice. By J. L. HAMILTON- 
PATERSON, M.D., Pathologist to Redhill County 
Hospital, Edgware. Second edition, revised and 
enlarged. 6% x 4fin. Pp. 110, with 10 illustrations. 
1947. London: Staples Press Ltd. §s. net. 


IN its first edition a year ago this was an excellent little 
book in every way—concise, clear, and practical. It 
has now been brought thoroughly up to date by an author 
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who obviously knows a lot about both penicillin and its 
therapy. Written rather from the pathologist’s angle 
than from the clinician’s, the chapters dealing with the 
properties, methods of administration, and the various 
preparations are particularly good, but this is in no way 
decrying a very succinct account of clinical methods— 
both in general medical and surgical conditions as well as 
‘in such specialties as dermatology, venereology, ophthal- 
mology, etc. 

The book still contains just over 100 quite small 
pages—and is therefore easily and quickly assimilated 
by the harassed general practitioner—but many additions 
have been made and new ideas and facts incorporated. 
Further research into the chemistry of penicillin receives 
due mention; the sensitivity tables have been entirely 
revised in view of the bactericidal effects of penicillin in 
massive dosage; a full and practical description of the 
new B.P. official preparations is given and mention made 
of the existence of penicillinase and of the possibility of 
certain reactions to treatment. 

It still seems rather out of keeping with the rest of an 
eminently practical little book—which otherwise lives 
up to its stipulated title—that such complicated apparatus 
as the Eudrip and East’s machine for continuous intra- 
muscular administration should figure to the extent 
they do. They are certainly well outside the general 
practitioner’s sphere of activity. Perhaps the same 
might be said of “‘ Bacteriological Methods ”’, but this is 
incorporated only as a very brief appendix obviously to 
provide a little added interest. 

In general, the book provides in compact and easily 
readable form an authoritative and most practical résumé 
of the present position regarding penicillin and its uses. 





Pye’s Surgical Handicraft. A Manual of Surgical 
Manipulations, Minor Surgery, and other matters 
connected with the Work of Surgical Dressers, House 
Surgeons, and Practitioners. Edited by HAMILTON 
BAILEY, F.R.C.S. (Eng.), Surgeon, Royal Northern 
Hospital, London; etc. Fifteenth edition, fully 
revised. 8% x 5%in. Pp. 668 + xii, with 789 illus- 
trations, many coloured. 1947. Bristol: John 
Wright & Sons Ltd. 25s. net. 


BARELY two and a half years have elapsed since the 
publication of the previous edition of this well-known 
and popular work, but the policy of keeping it right 
up to date continues; it contains a wealth of informa- 
tion attractively presented. There can scarcely be a 
problem which may confront the house surgeon which 
is not covered here, and there are, in fact, many matters 
considered which go beyond his scope. These, however, 
only add to its value as a work of reference. 

There are many illustrations, which are generally 
used in substitution for long explanations in the text ; 
some of the coloured photographs are too small to be of 
much value, but they add to the general attractiveness 
of the book, and we hope they will be continued and 
extended. The editor and publishers are to be con- 
gratulated on the production. 





Parenteral Alimentation in Surgery. With Special 
Reference to Proteins and Amino Acids. By ROBERT 
ELMAN, M.D., Associate Professor of Clinical Surgery, 
Washington University School of Medicine, St. Louis, 
Mo. 94 X 6 in. Pp. 284 + xxi, with 31 figures. 
1947. London: Hamish Hamilton Medical Books. 


THERE can be no doubt whatever that modern surgery 
demands a knowledge of biochemistry if the mortality 
of major operations on the abdomen is to be kept low. 
Professor Elman has presented the surgical profession 
throughout the world with a most useful, practical 
monograph. It can readily be understood why the 
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Philadelphia Academy of Surgery awarded Professor 
Elman the quinquennial Samuel D. Goss Prize in 1945, 
for it is an outstanding work. 

The importance of proteins and amino-acids in post- 
operative conditions is only just being realized in this 
country. In this book the value of water, electrolytes, 
glucose, vitamins, and whole blood are all considered 
as well as proteins and amino-acids, and the indications 
for the use of each is given in a very practical way. 

Plasma transfusions and plasma substitutes are con- 
sidered and their real value estimated. The pre-operative 
preparation of the patient is considered and advice ag 
to the correction of acute defects given. The problems 
of immediate replacement, daily maintenance, and 
supplementation are all solved in a really skilled manner, 

Many clinical cases are described and the value of 
parenteral fluids can be estimated from the many charts 
which are included. This is a book which will interest 
the physician as well as the surgeon, for it is practical in 
its outlook and as a book of reference could not be bettered, 





The Student’s Handbook of Surgical Operations, 
By SIR FREDERICK TREVES, Bart., G.C.V.O., C.B., 
LL.D., F.R.C.S. Eighth edition, revised by CrciL 
P. G. WAKELEY, C.B., D.Sc., F.R.C.S., F.R.S.E,, 
F.A.C.S. (Hon.), F.R.A.C.S. 73 x 4% in. Pp, 
574 + xi, with 281 illustrations. 1947. London: 
Cassell & Co. Ltd. 


The Student’s Handbook of Surgical Operations has been 
constantly used by countless numbers of students since 
1892 and the new eighth edition has been thoroughly 
revised and brought up to date. Sir Cecil Wakeley 
knows full well what the medical student requires and 
he has succeeded in producing a book that is well worthy 
of its predecessors. The new illustrations are excellent 
and could not be bettered, and they are of real value 
to the text. 

We are glad to note that Syme’s amputation is still 
described in detail, for there can be no doubt that it is 
an excellent operation in certain cases, and it is still a 
good examination test of the student’s ability. 

The new operations on the chest and heart are well 
described and illustrated. 

This book, in our opinion, has no rivals either in 
this country or abroad, and we are glad to see this new 
edition. 





Surgical Treatment of the Nervous System. Super- 
vising Editor, FREDERIC W. BANCROFT, A.B., M.D., 
F.A.C.S., Associate Clinical Professor of Surgery, 
Columbia University; Associate Editor, COBB 
PitcHeR, M.D., F.A.C.S., Associate Professor of 
Surgery, Vanderbilt University School of Medicine, 
Nashville, Tennessee. 10 X 7 in. Pp. 534 + XVii, 
with 293 illustrations and § coloured plates. 1947: 
Philadelphia and London: J. B. Lippincott Co. 


£5 I0s. 


THIS comprehensive volume dedicated to the memory of 
Harvey Cushing is edited by Professors Bancroft and 
Pilcher, but the separate chapters are written by seven- 
teen individual authors. The authors comprise the best 
known neurosurgeons in the United States of America; 
each author has approached his subject in his own way 
and any attempt at standardization of the various chapters 
has been deliberately avoided. 

The book has been divided into seven sections, each 
one complete in itself. Section I deals with the congenl- 
tal, traumatic, and inflammatory disorders of the cranium. 
The chapters on infantile hydrocephalus and brain 
abscess are exceptionally lucid and practical. Section II 
is devoted to tumours of the skull and brain ; it is a large 
section and has nearly 150 pages allotted to it. It 1 
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REVIEWS 


perhaps the most important part of the book and the one 
which will interest neurosurgeons as a whole. The 
section is divided into eight chapters, dealing with tumours 
of the skull, meninges, cranial nerves, cerebrum, pituitary, 
cerebellum, and vascular anomalies. 

Section III deals with cranial nerve disorders and 
epilepsy 5 while Section IV is a consideration of the 
surgery Of the spinal cord. Section V is devoted to the 
surgical lesions of the peripheral nerves and Section VI 
to the surgery of the sympathetic nervous system. 
Section VII deals with the important problem of chemo- 
therapy in neurosurgery. 

The illustrations are numerous and good; many 
are original, and greatly enhance the value of the book. 

At the end of each section an excellent bibliography 
is given so that the reader who is interested in any parti- 
cular surgical problem can look up other articles, 

This book is the outcome of great co-operation 
between the neurosurgeons of the United States and is 
indeed a great tribute to them. The spirit of Harvey 
Cushing pervades its pages. 

Neurosurgery is a special field of surgery and as 
such demands a highly specialized technique and 
knowledge, and this book does in a great part illustrate 
and impart that knowledge. 

An excellent production which will be the standard 
work on this subject for many a year. 





Anatomical Terms. Their Origin and Derivation. 
By E. J. Fretp, M.D., M.S., Lecturer in Anatomy in 
the University of Bristol ; and R. J. HARRISON, M.A., 
M.B., B.Chir., Lecturer in Anatomy in the University 
of Glasgow. 64 Xx 44 in. Pp. 165 + vi. 1947. 
Cambridge: W. Heffer & Sons Ltd. 7s. 6d. 


Tuis small monograph should prove of real value to 
students who have little or no knowledge of Latin and 
Greek. As the authors state in their preface, ‘“‘ The 
modern medical student begins to specialize so early 
that it is not surprising his knowledge of the classics 
is negligible’. This is all too true and it is a great 
pity that the medical student is allowed to specialize 
so early; one more year of the classics, English, and 
mathematics would give him a much better grounding and 
stand him in better stead for his medical education. 

A very useful little book which will fill a long-felt 
want amongst students and practitioners. 





Anesthesia in General Practice. By STuArRT C. 
CULLEN, M.D., Head of Division of Anesthesiology, 
Department of Surgery, State University of Iowa 
Hospitals ; Associate Professor of Surgery (Anes- 
thesiology), State University of Iowa College of 
Medicine. 8 x 53in. Pp. 260, with 36 illustrations. 
1946. Chicago: The Year Book Publishers Inc. 
(London: H. K. Lewis & Co.). 21s. 


THIS book does not pretend to be a complete text-book 
of anesthesia, and specific anesthetic techniques are not 
shown in great detail, nor is the choice of agent or 
technique for any individual case clearly defined, but the 

damental principles on which a beginner in anesthetics 
may base his technique are well described. 

A novel feature of this interesting book is the use of 
cattoons to illustrate and emphasize points from the 
written text. 

The long chapter on maintenance of airway and the 
descriptions of shock and oxygen therapy will make 
excellent reading for any anesthetist. Occasionally, 
however, the author is too brief in his remarks. It seems 
unfortunate that in a book with the title of Anesthesia 
in General Practice the only method mentioned for the 
telief of pain in labour is a very good description of a 
caudal block ; similarly, just to state that “ controlled 
Téspiration is usually accomplished by intubating the 
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trachea and inflating the lungs intermittently by pressure 

on the rebreathing bag ”’, leaves too much unsaid. 
Apart from the above observation, the book is a good 

one, lying midway between the large text-book and the 


small cram book of the ‘ Aids’ series. The printing 


is excellent. 





Textbook of Surgical Treatment, including Operative 
Surgery. Compiled by 21 contributors. Edited by 
C. F. W. Illingworth, C.B.E., M.D., Ch.M., 
F.R.C.S.E., Regius Professor of Surgery, University 
of Glasgow. Third edition. 9 x 6 in. Pp. 
644 + xii, with 289 illustrations. 1947. Edin- 
burgh: E. & S. Livingstone. 32s. 6d. net. 


THREE editions of a text-book in four years is in itself 
a good indication of the value and usefulness of the book. 
The number of contributors in this new edition has been 
increased to twenty-one; the majority of them are 
associated with the University of Glasgow. There are 
some new chapters on Penicillin in Surgery, Plastic 
Surgery, and Rehabilitation, and they are all well written 
and essentially practical The modern student and 
practitioner require a reliable guide to the management 
of the many and varied surgical affections and this book 
provides that guide in a clear and practical manner. 





Asistencia de los Enfermos Toracopulmonares. 
By HERMAN D. AGUILAR, Buenos Aires. Second 
edition. 8? X 6in. Pp. 259, with 105 illustrations. 
1946. Buenos Aires: El Atenes. $14. 


THE second edition of this book, which comes from the 
Surgical Service of Dr. Ricardo Finochietto of the 
Rawson Hospital at Buenos Aires and first appeared 
in 1940, has been considerably enlarged, in fact, so much 
so that we must sympathize with the already overworked 
nurse who may try to cope with it in detail. Nursing, 
however, is interpreted in its widest sense, as there are 
chapters on anatomy, pathology, bronchoscopy, and the 
induction of artificial pneumothorax, as well as the more 
commonplace ones of operation room technique and the 
care of patients after operation. The book is written 
in a lacge clear text and illustrated with line drawings 
and some reproductions of X-ray films. There is a 
useful section on oxygen therapy and the various types 
of apparatus which may be employed for the administra- 
tion of oxygen. 

For nurses who read Spanish and who are specializing 
in the care of patients with surgical diseases of the chest, 
this book should prove that guide to better work which 
is its author’s expressed hope in his preface. 





By Dr. ALFONSO ASENJO. 
1946. 


Hematomas Subdurales. 
7% X 54 in. Pp. 251, with 49 illustrations. 
Santiago, Chile: Stanley. Price not given. 

Tus little book, written in Spanish, is a brief but compre- 

hensive review of present knowledge of these lesions 

and deals with various aspects of the subject. It relates 
for the most part the experiences of its author, Dr. 

Alfonso Asenjo, who was Secretary-General of the Second 

Congress of Neurosurgery of South America, held in 

Santiago earlier this year, but also contains a useful 

bibliography of some five hundred references. Such 

questions as electroencephalography in diagnosis and 
the results of air studies are dealt with, and character- 
istic curves and X-ray appearances are illustrated. 

This is a useful little monograph which might with advan- 

tage be translated into English or at least conclude with 

a summary in English as is often the custom with small 

foreign brochures of this type. There is a list of chapter 

headings but no index. 
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Bone and Bones: Fundamentals of Bone Biology. 
By JOSEPH P. WEINEMANN, M.D., College of Dentistry, 
University of Illinois, and Harry SICHER, M.D., 
School of Dentistry, Loyola University, Chicago. 
9? x 62in. Pp. 464, with 289 illustrations. 1947. 
London: Henry Kimpton. 40s. net. 


Tuts book is divided into two sections. The first 
section, occupying a quarter of the volume, is devoted 
to the normal structure and growth of bone ; it is a lucid 
account of the macro- and microscopical appearances of 
bone and is illustrated with some excellent micro- 
photographs. 

The second section, which makes up the greater 
proportion of the book, is concerned with the pathology 
of bones, and is the most comprehensive account of bone 
pathology yet written. Every aspect of bone pathology 
receives an adequate and full survey of the subject, and 
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the microphotographs, which are numerous, are truly 
admirable. 

The developmental disturbances of the skeleton are 
dealt with in a large chapter and the modern conception 
of such conditions as osteopetrosis and chondrodystrophia 
foetalis are described in detail. 

Adaptational deformities of the skeleton, the influence 
of endocrine glands on bones, the influence of vitamins 
on bones, and the healing of bones, are some of the im- 
portant subjects discussed at length. 

Perhaps the most important section of the book jis 
that concerned with tumours of bone. This is a most 
up-to-date treatise on this subject, lucidly written and 
extensively illustrated with excellent microphotographs, 

This book is a good reference volume and should 
prove of real value to those surgeons and pathologists 
who are interested in bone pathology. 





BOOK NOTICES 


[The Editorial Committee acknowledge with thanks the receipt of the following volumes. 


A selection 


will be made from these for review, precedence being given to new books and to those having the 


greatest interest to our readers.] 





Surgical Pathology. By WILLIAM Boyp, M.D., 
M.R.C.P. (Edin.)., F.R.C.P. (Lond.), LL.D. (Sask.), 
M.D. (Oslo), F.R.S.C., Professor of Pathology, 
University of Toronto. Sixth edition. 9% x 6} in. 
Pp. 858 + x, with 530 illustrations, 22 in colour. 
1947. Philadelphia and London: W. B. Saunders 
Co. 50s. net. 


Harvey Cushing. A Biography. By JOHN F. FULTON. 
9 xX 6in. Pp. 754 + xii, with 150 illustrations. 
1947. Oxford: Blackwell Scientific Publications. 
(Springfield, Ill.: Charles C. Thomas.) 30s. net. 


Essentials of Clinical Proctology. By MANUEL G. 
SPIESMAN, B.S., M.D., Proctologist, Mt. Sinai and 
Edgwater Hospitals. With a Foreword by ANTHONY 
Basser, M.D., F.A.C.P., LL.D. 9 x 6 in. Pp. 
238 + x, with 61 illustrations. 1947. London: 
William Heinemann (Medical Books) Ltd. 


Proceedings of the Eleventh Annual Convolution 
of the National Gastroenterological Association. 
Held in New York, June 19-21, 1946. Edited by 
SAMUEL WEIss, M.D., F.R.C.P., D.Sc. 94 x 64 in. 
Pp. 187. Illustrated. Reprinted from the Review 
of Gastroenterology, 1947, 14. 1947. New York: 
Medical Authors’ Publishing Co. $2-50. 


Surgical Treatment of the Soft Tissues. Supervising 
Editor, FREDERIC W. BANCROFT, A.B., M.D., F.A.C.S., 
Associate Clinical Professor of Surgery, Columbia 
University ; Associate Editor, GEORGE H. HUMPuHrEys, 
jun., A.B., M.D., Sc.D., F.A.C.S., Valentine Mott 
Professor of Surgery, Columbia University. 10 x 7 in. 
Pp. 520 + xiv, with 244 illustrations. 1946. 
Philadelphia and London: J. B. Lippincott Co. 
gos. net. 


An Introduction to Gastro-enterology. A Clinical 
Study of the Structure and Functions of the Human 
Alimentary Tube. By JAMES DUNLOP LICKLEY, 
M.D., Hon. Consulting Physician, Sick Children’s 
Hospital, Newcastle-upon-Tyne ; Late Lecturer on 
Medical Applied Anatomy, Medical School, King’s 
College, University of Durham. 7} x 4? in. Pp. 
143 + viii, with 21 line illustrations, some in colour. 
1947. Bristol: John Wright & Sons Ltd. 8s. 6d. 
net. 


Introduction to Surgery. By VIRGINIA KNEELAND 
FRANTZ, M.D., and HAROLD Dortic Harvey, M.D. 
Assistant Professors of Surgery, College of Physicians 
and Surgeons, Columbia University. 7} x 4} in. 
Pp. 216 + xii, with 11 illustrations. 1947. New 
York: Oxford University Press. 12s. 6d. net. 





